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STREPTOCOCCUS HEMOLYTICUS BACTEREillA 


rate of growth of this streptococcus in broth showed the maximum period of active 
growth to occur between the 8th and 10th hours. Depending on the quantity of 
culture desired, 1 or 2 cc. of the brotli culture was centrifuged, the supernatant 
hquid decanted and the bacterial sediment resuspended in 10 cc. of sterile saline. 
Exactly 1 cc. of the suspension was injected into tlie ear veins of normal and sensi- 
tized animals from the same syringe. In order to eliminate factors such as change 
in virulence^ of the organism, difference in the quantity of bacteria and variations 
in volume injected, tlie control and the sensitized animals were injected as nearly 
simultaneously as possible. The quantity of suspension injected was kept con- 
stant at 1 cc. for the entire series. In order to guard against change in bacterial 
growth upon standing, the whole procedure was so timed tliat the interval between 
the removal of the broth culture from the incubator and the injection of the suspen- 
sion was never greater than 20 minutes. 

All the rabbits were obtained from the same source, and in each pair of animals 
run simultaneous^, the weight variation was never greater than 2/5 kilo. Those 
animals selected for sensitization were given three intraperitoneal injections of 
normal horse serum at 4 day inter\^als. After a period of 18 to 21 days the animals 
were skin tested for sensitivity by intracutaneous injection of normal horse serum 
in dilutions of 1 : 5 and 1 : 10. The skin reactions were controlled by intracutaneous 
injection of normal saline. Those animals giving strongly positive skin reactions 
to both dilutions as evidenced by local er3^thema and edema were taken for experi- 
mental use. Animals giving equivocal or negative skin reactions were discarded 
with one exception. This animal was used as the control as shown in Table I, 
The kinds of sera used in this study and their source are as follows: (1) normal 
horse serum, (2) scarlet fever antitoxin and (3) diphtheria antitoxin (Eli Lill}’’ 
and Compan}^ — without preservative). 

From 7 to 9 days after operation, the animals were sacrificed uith ether and 
necropsies performed. Cultures were made from the liver, the heart’s blood and 
the spleen. In certain of the animals, histological sections of the tissues were 
made and routine hematox^^lin-eosin and Gram stains were prepared. 

A Wpical protocol of an experiment is given. 

August 31, 11.30 a.m. Rabbit 1, weighing 1600 gm.; ear vein shaved. Rabbit 
2, weighing 2000 gm.; shaved, prepared and the jugular vein exposed under ether 
anesthesia. 12.55 p.m. Operation complete. 1.00 p.m. Culture removed from 
incubator. 2 cc. transferred to sterile centrifuge tube and centrifuged 10 minutes. 
1 cc. transferred from same pipette to 9 cc. of sterile saline in first tube of dilution 
series. Dilutions run out to 1.00 p.m. Plate poured from each dilution. 


^ Virulence . — 1 cc. of a 24 hour broth culture killed an albino mouse in a dilution 
of 10^^ (500 million per cc.) within 17 hours. With higher dilutions all the mice 
sur\ived and w’hen autopsied on the 7th day, gave uniforml}" negative cultures. 
Virulence as tested b}' this method was the same at the end as at the beginning of 
the experimental period. 
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STREPTOCOCCUS HEMOLYTICUS BACTEREMIA 


the sensitized rabbit that received the horse serum and organisms 
showed positive cultures for a significantly longer time, \\niether 
those animals that fail to show a skin sensitivity react differently from 
normal animals remains for further investigation. However, these 
experiments indicate tliat in rabbits that are non-specifically sensitized 
there is a tendency for prolongation of the duration of Streptococcus 
liemolyticus in the circulation when horse serum is inoculated simul- 
taneously wth the suspension of bacteria. 

In order to study the effects of normal horse serum in altering the 
response of a non-sensitized rabbit to the inoculation of Streptococcus 
liemolyticus, two rabbits were inoculated simultaneously with normal 


TABLE II 


Series II 

1 

1 

Amount of horse serum 

Quantity of orfjan- 
isms inoculated per , 

CC. i 

Result of blood cultures 

Maximum No. of 
colonies of blood 
per CC. 1 

Duration of cul- 
tures 

■■■ 


millions j 




— 

o 

C/1 

59 

6 


Icc. of 1:10 

0.5 

26 

6 


— 

7.0 

400 

1 

72+ 


1 cc. of 1:10 

7.0 

190 

12 


serum and a known suspension of bacteria. The results of tliis experi- 
ment are shown in Table II. 

Simultaneous injections of normal horse serum and bacteria do not 
prolong the bacteremia in non-sensitized animals. When the quantity 
of the initial inoculation approaches the maximum limit or the lethal 
dose, the variations in duration of positive blood cultures is more evi- 
dent. This fact emphasizes the necessity for use of quantitative 
methods in such a study. 

The next group of animals includes studies in which scarlet fever 
and diphtheria antitoxins in horse serum are employed instead of nor- 
mal horse serum. Both the non-sensitized and sensitized animals re- 
ceived similar injections of serum and organisms, as shown in Table III. 

Table IV shows the rate of disappearance of the organism from the 
blood stream in one of these experiments. 
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STREPTOCOCCUS HEMOLYTICUS BACTEREMIA 


Although the difference in tlie prolongation of the bacteremia in the 
sensitized animals from the non-sensitized animals is only 0 to 4 hours 
in these experiments, there is, nevertheless, a definite increase in tlie 
actual number of organisms present in the blood cultures of the sensi- 
tized animals. 

When diphtheria antitoxin horse serum is employed, similar results 
are obtained, as shown in Table V. 

No evidences of gross anatomical cliange appeared in any of the 
animals. The only significant microscopic changes in tlie viscera 
were found in the kidneys where proliferation of fibroblasts, infiltra- 
tion of small round cells, a few capsular adhesions and areas of hemor- 
rhage were more marked in the sensitized animals. Gram stains of the 
tissues were uniformly negative for bacteria, whicli was consistent 
with the negative cultural findings obtained at necropsy, 

DISCUSSION 

The results of our experiments present evidence in support of Weis- 
berger’s conclusions; namely, tliat a prolonged bacteremia occurs in 
the hypersensitive animal, the minimal duration being 9 hours as com- 
pared with 3 hours in the non-sensitized control animal, although the 
actual maximum and minimum colony counts in these animals exliibit 
no significant differences. Also, these results agree with those of Claw- 
son (2) who has shown that streptococci are removed less rapidl}'' from 
the blood stream of specifically sensitized rabbits tlian from the blood 
stream of normal rabbits within an interval of 15 minutes. In review- 
ing the literature further concerning studies on experimental bacter- 
emia in animals, it is surprising that few investigators apparently have 
had their interests engaged by the study of bacteremia in relationship 
to sensitization. In fact, the only other report bearing on this subject 
is that of Boone, Chase and Brink (3) who found that large numbers 
of B. prodigiosus are absorbed from the intestinal tract of dogs during 
an acute anaphylactic shock. 

In our experiments we have extended the observations on experi- 
mental bacteremia to the study of the influence of antisera employed 
as* antigens instead of plain horse serum. As shown by the data 
presented tlie actual increase in the number of bacteria for the periods 
studied is significantly greater in the sensitized animal, yet the duration 
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HOST FACTORS IN PNEUMOCOCCUS INFECTIONS. I 


In another t3^pe of e.vperiment it has been sho^vn tliat, in rabbits immunized 
with heat-killed pneumococci, the degree of resistance to subsequent infection was 
not necessarily correlated with the specific antibody titer in the serum of the 
individual animal (2). 

It is obvious that these facts can be variously explained, but the 
most rational assumption is that some individual host factors may 
decisivel)'- modify or qualify the function of the highly specific anti- 
body. In other words, the result in any individual animal must 
depend roughly on algebraic sum of all specific and constitutional 
factors. This problem has been approaclied from many sides, most 
successfully perhaps by the genetic studies of Webster (3), but there 
still remains the probability that individual animals differ other than 
in the genetic cliaracters. Some workers have suggested the impor- 
tance of so called physiological maturation, others have mentioned the 
state of physiological reactivity, but the problem has remained un- 
settled because of the difiiculties of devising a suitable experimental 
approach. 

In order to acquire some knowledge of host factors we have em- 
ployed several types of experimentation each of which involved the 
pneumococcus as the infecting organism. The first experiments to be 
presented deal exclusively with Type I pneumococcus infections in 
rabbits in which antipneumococcus serum (Type I) has been used 
as a specific curative or protective agent. The general plan has been 
to arrange controllable conditions so that the situation presented is 
near a threshold; the ideal experiment being one in whiclr the number 
of infecting organisms and the amount of specific antiserum are con- 
stant in a large number of animals and yet the balance between them 
so sharply determined as to permit the survival of certain individuals 
and the death of others. Then by analysis of other individual vari- 
ables, both physiological and immunological, one can determine if the 
result is correlated therewith. This ideal type of experiment has not 
been entirely achieved in the course of the present work, but the 
results of the experiments tend to be mutually supportive and furnish 
evidence of the existence and nature of certain host factors. 

The intradermal injection in rabbits of Tj'pe I pneumococci leads to the develop- 
ment of a characteristic lesion in the skin and to a definite symptom-complex 
marked by a high fever and accompanied bj' an invasion of the microorganisms 
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into the blood sUeam (4). With this typ& of infection the result is fatal in the 
great majority of instances if no curative measures are employed. WTien, how- 
ever, t>"pe'Specific antipneumococcus serum is injected intravenously in large 
amounts the disease process may be abrupt terminated as judged by a fall in 
temperature, by the disappearance of pnexunococcd from the blood stream and 
from the local lesion, and by the healing of the local lesion. In the earlier work 
this prompt alleviation of S}Tnptoms was emphasized, but Sabin (5), who used 
survival and death as criteria, called attention to the fact that with certain small 
amounts of the specific serum some animals died whereas others survived. This 
quantity of serum was designated the “subefiective amount” in contrast to the 
“effective amount,' ' which is the amount required to bring about prompt recover>\ 
The subeffective amount of specific serum has no relationship to prompt termina- 
tion of the infectious process but concerns only the ultimate survival or death of the 
animal (6). In almost every instance in which the administration of the sub- 
effective amount of serum leads eventually to survival, the effect seems to be that 
of providing conditions which prolong the life of the animal until its own immunity 
mechanism can be developed and the disease thus autoterminated. The use of 
subeffective amounts of specific serum therefore pro\ddes experimental conditions 
favorable for the study of certain factors which might infiuence the outcome of the 
infection. 

EXPERIMENTAL 

The general technical procedures are those described in a previous paper on the 
dermal pneumococcus infection in rabbits (4), 

Culiure . — ^Pneumococcus Type I, original Neufeld strain; vinilence such that 
0.000,000,01 cc. produces a fatal infection in rabbits following intradermai inocu- 
lation. 

Infection , — Healthy male rabbits weighing from 1,600 to 2,500 gm. were used. 
Animals were injected intradermally at a site midway on the flank area with 0.2 
cc. of a 1-200 dilution of an IS hour blood broth culture. 

Scrum Treatment , — ^Each rabbit received a single intravenous injection of Tj'pe 
I antipneumococcus serum 24 hours after infective inoculation. 

Blood Cultures,— The number of organisms per cubic centimeter of blood was 
determined by a procedure pre\dously described in detail (4). In brief, the 
method consists in plating 0.4 cc. of blood withdrawn from the marginal ear vein 
with an accurately graduated s\Tinge, 

The general characteristics of the pneumococcus dermal infection in rabbits 
have been so frequently and extensively described that they need not be here 
repealed (4). 

Sunhal Rate after Treatment u'ith Various Amounts of Specific 

Antiserum 

In order to determine the subeficctivc ranges of certain lots of 
Type I antipncumococcus sera four scries of rabbits were treated %vith 
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HOST FACTORS IN PNEUMOCOCCUS INFECTIONS. I 


varying amounts under the conditions described above. The results 
of one typical series are shown in Table I. 

The 78 rabbits included in this series received amounts of the specific antiserum 
(Lot 1) ranging from 1 to 16 cc. Of the 3 animals which received I cc. each, none 
survived, while on the oilier extreme the 4 rabbits which received 16 cc. all sur- 
vived the infection. Of 42 rabbits which were given S cc., 20 or 48 per cent sur- 
vived. 36 per cent of those which received 4 cc. recovered while only 25 per cent 
of the animals treated with 2 cc. of serum survived. 

This experiment demonstrates that between certain limits of serum 
dosage the administration of the specific therapeutic agent results in 
the survival of certain animals although others succumb. It is per- 

TABLE I 

Survival Rale after Trcalmeul with Various Amounts of Specific Antiserum 

Each rabbit infected intradermally with Pneumococcus T 3 'pe I. Designated 
amount of antipneumococcus serum (Lot 1) administered intravenoush' 24 hour 
after infective inoculation. 


Group 

Amount of serum 
given to each animal 
in group 

No. of animals 
in group i 

\ 

Rabbits surv"i\ing 

No, 

Per cent 


cc. 

! 



A 

16 

4 

4 

100 

B 

8 

42 

20 

48 

C 

4 

22 

S 

36 

D 

2 

8 

2 

1 25 

E 

1 

1 

3 

0 

0 


haps noteworthy that the fourfold increase in amount of serum from 
2 to 8 cc. resulted in only a twofold increase in the survival rate. In 
other series the quantitative effect of serum dosage in this subeffective 
range has been less marked. 

Previous experiments have shown that in any series of rabbits, 
even though each individual has received the same infective inoculum, 
the experimental disease may progress more rapidly in some animals 
than in others. This is clearly demonstrated by differences in the 
rate of blood invasion and, in untreated animals, by differences in the 
time of death. The first analyses to be presented deal -with the sever- 
ity of the infection as a factor in the determination of the outcome. 
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HOST FACTORS IN PNEUMOCOCCUS INFECTIONS, I 


first 4 days. Similarly in the second series of 43 animals each of which received 4 
cc. of Lot 2 tlie deatli rate was 65 per cent but the larger number of deaths occurred 
in the group of highest bacteriemias while the rate among Uiosc wth the lower 
bacteriemias was much smaller. The same trend is shown among the animals 
whicli died early. 

The data indicate that there is no absolute correlation between the 
severity of the infection as judged by the degree of the bacteriemia 

TABLE II 

Results of Scrum Therapy in Relation to the Bacteriemia at the Time of Treatment 
Each rabbit infected intradermally witli Pneumococcus Type I. Designated 
amount of antipneumococcus serum administered inlravenuosly 24 hours after 
infective inoculation. Degree of bacteriemia determined just before tlie adminis- 
tration of tlie specific serum. 


Scrum lot and 
amount given to 

Bactcri- 
cmia group 

N^o. of pneumococci 
per cc. of blood 

No. of 
animals 

Total deaths 

Deaths nnthin 4 days 

each rabbit 

in group 

No. 

Per cent 

No. 

Per cent 

Lot 1, 8 CC. 

A 

0-200 

5 

1 

20 

0 

0 


B 

200-2,000 

9 

4 

44 

2 

22 


c 

2,000-20,000 

15 

6 ; 

40 

5 

00 


D 

Over 20,000 

13 

11 

85 

s 

69 


Entire group 

42 

22 

52 

15 

36 

Lot 2, 4 cc. 

A 

0-200 

9 

3 

33 

' 1 

11 


B 

200-2,000 

8 

! 4 

50 

3 

38 


c 

2,000-20,000 

11 

mm 

63 

6 

: 55 

1 

D 

Over 20,000 

15 

■I 

93 

12 

80 


Entire group 

43 

28 

65 

22 

51 


and the result of subeffective serum therapy beyond the fact that 
those individuals with the more severe bacteriemias usually respond 
less well to the treatment. Perhaps certain of the discrepancies may 
be related to the teclinical difficulties in the exact determination of the 
number of pneumococci in tlie blood but even after due allowance is 
made for this possibility it remains a fact that all animals with infec- 
tions of equal severity do not respond in the same way. 

As tliese studies progressed it became increasingly apparent that 
some other factor or factors were involved in the results. In succeed- 
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Since by the use of averages there seemed to be a definite significance 
attached to both the severity of the infection and to tlie wliite blood 
cell count at the time of serum administration a comparison was next 
made of the relation between the number of bacteria in the blood 
stream and the white cell count. Outside of the fact that animals 
with a very low white count generally also showed a very high bac- 
teriemia no direct correlation exists between these two factors. How- 

table m 

Results of Serum Therapy iu Relation to the White Cell Count at the Time of Treatmen ■ 
Each rabbit infected intradermally with Pneumococcus Type I. Designated 
amount of antipneumococcus serum administered intravenously 24 hours after 
infective inoculation. White cell counts determined just before the administration 
of the specific serum. 


Serum lot and 
amount given 
to each rabbit 

White 

count 

group 

White cell counts i 

No. of 
animals 
in group 

Total deaths 

Deaths within 

4 days 

No. 

Per cent 

No. 

Per cent 

Lot 1, 8 CC. 

a 

Less tlian 2,000 

3 

3 

100 

3 


1 

b 

2,000-5,000 

8 

5 

63 

4 


1 

€ 

5,000-9,000 

6 

1 

17 

1 

17 

i 

d 

Over 9,000 

5 

1 

20 

0 

0 


Entire . 

group 

22 

10 j 

45 

8 

36 

Lot 2, 4 CC. 

WM 

Less than 2,000 

4 

4 

100 

4 

! 100 



2,000-5,000 

19 

15 

79 

13 

68 



5,000-9,000 

12 

6 

50 

3 

25 


mm 

Over 9,000 

' 8 

o 

38 

2 

25 


Entire , 

group 

43 

28 

65 

22 

51 


ever, if these two elements are considered in terms of the outcome of 
the infection a definite result is obtained. Such an analysis is shown 
in Table IV. 

Table IV is compiled from the results obtained witli subeffective amounts of 
three different lots of antipneumococcus sera of almost equivalent antibody con- 
tent. Altogether 115 animals have been classified. This combination of results 
has been made in order to build up groups of significant numbers. It can be 
stated that the combined results are in every way similar to those of any one series. 
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HOST FACTORS IN PNEUMOCOCCUS INFECTIONS. I 


DISCUSSION 

These results appear to show that in the experimental dermal pneu- 
mococcus infection in rabbits both the number of organisms in the 
blood stream and the white blood cell count have a definite bearing 
on the curative action of specific antipncumococcus serum. Thus 
animals with low bacteriemias and high white cell counts responded 
well to specific serum therapy whereas those rabbits with low cell 
counts and high bacteriemias were apparently not benefited by the 
administration of the serum under the conditions of these experiments. 
Nevertheless it was impossible to predict with certainty the outcome 
in any individual instance. Certain factors of obvious importance 
were not controlled, first amongst them the breed of animals and thus 
indirectly the entire system of genetic host factors. Furthermore, 
rabbits of different weights were used. 

SUMMARY 

In the experimental disease brought about by infecting rabbits 
intradermally with Type I Pneumococcus the use of relatively small 
or subeffective amounts of specific antipneumococcus serum leads 
to 'the survival of some individuals and the death of others. It has 
been shown that both the severity of the infection and the white blood 
cell count are factors in the determination of the outcome of the 
disease but that there remain other host factors which have to do iivith 
the utilization or functioning of tlie specific antisera. 
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HOST FACTORS IN RNEUMOCOCCUS INFECTIONS. 11 


formly susceptible to Type I pneumococcus infection. Constant dietary condi- 
tions ^Ye^e maintained throughout these experiments. 

Culture . — The strain of Pneumococcus Type I was of such virulence that 
0.000,000,01 cc. of an 18 hour blood broth culture, given intradcrmally produces a 
fatal infection in normal rabbits. About 100 times this amount is required to 
establish infection if given by the intravenous route. Unless otherwise stated the 
culture was diluted 1-10 in broth and 0.5 cc. of this dilution used as the infective 
inoculum. 

Scrum . — A single lot of Type I antipneumococcus horse scrum was used through- 
out tlie experiments. Unless otherwise stated the amount injected was 0.5 cc. 
per rabbit. 

Jiifcctivc Inoculation . — Immediately after taking blood for the white cell count 
each rabbit received the scrum intravenous!}' in the right ear and the culture 
intravenously in the left ear, in the order named. The infective inoculation was 
invariably carried out at the same hour of the da}-. 

Observations . — Since there is no visible external lesion followng this infective 
procedure it was necessary to determine by the body temperature whether or not 
an infection liad been established. Temperature determinations were made 
daily at the same hour on each rabbit. A rectal temperature of 104.0°F. or over 
was regarded as significant. 

On the basis of the previous work it was expected that with this 
technically improved approach and a properly balanced combination 
of antiserum and microorganisms, all animals having a low white cell 
count would die while those with higher white counts would sundve. 
This proved not to be the case, although it \vas found that 70 per cent 
of the individual animals having white counts below 10,000 died 
whereas 59 per cent of those vdth counts of 14,000 or over sursdved. 
On further analysis it was determined that the weight of the animal 
possessed considerable significance, since 65 per cent of animals under 
2,000 gm. died whereas the death rate among the larger rabbits was 
only 39 per cent. The next step in the consideration of the results 
was to determine the relation between these two variables and the 
outcome. 

For the purposes of tliis analj^sis all animals have been divided into 
three groups as follows: 

Group A . — ^Rabbits which survived and which failed to show evidence of infec- 
tion at any time. 

Group B . — ^Those rabbits whicli survived but only after a febrile course indica- 
tive of tire presence of an infective process. 

Group C . — Those animals which developed an infection and died as a conse- 
quence thereof. 
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listed" in protection tests in tlie rabbits of these groups are 
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broken line has been inserted to show a possible boundary between these Uvo 
zones. Six of the 65 points do not follow tlic general trend of distribution but the 
results are sufficiently definite to permit the conclusion that the heavier animals 
having white counts above the average seem to be coinplclelv' protected against 
infection, 

Gm. 



White blood ceil coant (thousands) 


Text-Fig. 3. Text-figs. 1 and 2 are combined to show protection as against 
lack of protection. A broken line has been inserted to show a possible boundary 
between the two areas. 

There remain for consideration the animals in Group B, all of whicli 
developed a dejBnite infection but eventually recovered. The results 
have been plotted in Text-fig. 2 on the same scale as that used in 
Text-fig. 1 and the same broken line has been inserted in order to show 
the boundary that existed between Groups A and C. From a con- 
sideration of this figure it will be seen that all animals in Group B 
occupy positions in the area corresponding to those of Group C in 
Text-fig. 1. The natural division appears to be between animals 
which were protected against the development of infection as opposed 
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shift may take place. In the present scries the counts reported have 
been made immediately before tlic infective inoculation in each 
individual animal. Other counts made previous to this time and 1 
hour, 4 hours, and 24 hours after the infective inoculation have shown 
little or no direct correlation. The results on a number of animals 
in the critical weight zone (2,000 gm. and over) are listed in Table II 

TABLE II 

White Cell Coimis at Various Times after Infective Inoculation 


Each of the following rabbits received 0.5 cc. of Type I antipncumococcus serum 
and 0.5 cc. of a 1-10 dilution of an 18 hour blood broth culture of Type I Pneumo- 
coccus intravenousl 3 ^ 





White blood cell counts 


Results in 
terms of 
protection 

Rabbit 

Body weight 

Initial 

After infective inoculation • 



1 hr. 

4 hrs. 

24 hrs. 


a 

gm. 

2,060 

11,520 


15,400 



b 


13,550 

H9ES9 

12,600 

RmEiR 

- 

c 




8,600 

R9G19 

— 

d 


9,750 


18,000 

9,500 

— 

e 


• 9,350 

8,100 

8,600 

7,800 

— 

f 


9,240 

11,260 

25,460 

11,400 

— 

g 


4,300 

8,060 

6,500 

6,300 

— 

h 


10,280 

8,700 

15,800 

8,300 

— 

i 


17,050 

18,400 

30,700 

27,600 

+ 

J 


17,840 

14,900 

23,704 

74,800 

+ 

k 


16,240 

13,200 

22,400 

19,460 

+ 

1 


13,640 

13,900 

21,200 

21,100 

+ 

m 


12,000 

7,940 

16,600 

8,100 

+ 

n 


18,550 

11,800 

24,200 

31,000 

+ 

0 


16,600 

8,700 

27,200 

11,800 

+ 

P 

^R| 

11,100 

8,900 

18,200 

11,800 

+ 

Q 

^R| 

' 15,260 

8,000 

10,200 

19,500 

+ 


— = no protection, -h = complete protection. 


and plotted in Text-fig. 4. From these results it will be seen that after 
the time of infective inoculation there is little apparent organization 
of the points into definite characteristic areas. The possible sig- 
nificance of these findings will be discussed later, but it may be stated 
that the results indicate that tire only white cell count of significance 
is that made just at the time of infective inoculation. 
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white count is over 10,000 but that an animal of 2,000 gm. requires a 
much higher count for protection. Obviously a large rabbit actually 
has a much greater total number of circulating white blood cells than 
a smaller animal having the same count. This suggests that the 
result may actually be determined by the total number of white cells. 
This, of course, cannot be absolutely determined but if one multiplies 
the cell count by the body weight in eacli instance, one arrives at a 
figure representing a relative value for the total number of white cells 


Gm. 
3500 ( 


1 
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1500 h- 
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Body weight x “wKite blood ceil count 
1 , 000,000 

TekT“Fig. 5. Results plotted against weight on the basis of relative total white 
blood cells* 


in the blood stream. This calculation has been carried out for the 
animals shown in Text-fig. 3 and the results plotted against the weight 
are shown in Text-fig. 5. From a consideration of the data it would 
appear that the results are divided sharply into two divisions, and 
that the curve of Text-fig. 3 has been replaced by straight lines, one 
representing a minimum absolute number of white blood cells and the 
other a minimum weight. The significance of these minimums wll be 
discussed later. 
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lines in order to show the direction of the shift in count. The curv'e 
is tliat shown in Text-fig. 3. 

It is apparent from these results that the non-specific stimulation 
produced in all cases a leukocytosis and tliat if the shift was sufficient 
to place the individual within the so called protective zone tlie result 
was complete protection. This treatment did not, however, induce 
any otlier apparent change since animals wliich lacked the required 
weight were not protected. These data support the pre\dous deduc- 
tion that the outcome is directly related to the cellular status at the 
time of infective inoculation. 


6m. 

2,500 


^ 2000 

o 
(Q 

1,500 

6 8 10 12 14 16 18 20 22 24 26 30+ 

White blood cell count (thousands) 

Text-Fig. 6. Induced leukocytosis and the effect on the capacity of the animal 
to be protected against infection. The broken line is that of Te.xt-fig. 3. 

It is impossible at the present time to construct a hypothesis which 
will explain these findings. A rough calculation shows that the 
proportional number of white cells is about 200 for eadi pneumococcus 
injected. This ratio is surprising for in m vitro experiments many 
polymorphonuclear cells often take up several pneumococci each. 
It has been suggested that the ratio may be determined by the chances 
of collision between the cells and the pneumococci in the circulating 
blood but due to the probable participation of fixed or stagnant phago- 
cytic cells this hypothesis is difficult to substantiate. It has also been 
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stant by the selection of animals showing counts within a narrow 
range, it is possible to obtain a result showing the interrelation of serum 
and weight. Thus in a range of white cell counts of 11,000 to 12,500, 
if 0.5 cc. of the serum was employed, the minimal weight at which pro- 
tection was obtained was about 2,300 gm., with 0.4 cc. of serum it was 
approximately 2,900 gm., while with 0.6 cc. of serum the minimal 

TABLE IV 

The Relation of Number of Pneumococci in the Infective Inoculum to the Number of 
White Blood Cells in Reference to the Protective Action of Anti pneumococcus 

Scrum 


Infective inoculiv 


0 05 cc. 

0,005 cc 

Weight 

White count 

Result 

n^cight 

White count 

Result 

gnu 










S,700 

— 





9,960 

— 



+ 


10,400 

— 

2,060 




11,000 

-f 

WESm 


— 


11,550 

+ 


11,900 

— 

2,140 

12,300 

A 

2,200 

13,550 

— 

2,100 

14,080 

+ 




2,010 

14,520 

+ 


15,260 

-1- 




H 

16,600 

+ 





17,050 

•h 

2,140 

20,600 

+ 


— = no protection. + = complete protection. 


weight was 1,700 gm. These experiments, too extensive to be re- 
ported here in detail, have conclusively shown that increasing amounts 
of serum can compensate for lack of weight and vice versa. 

V ariations in the Amount of Specific Antipneumococcus Scrum in 
Relation to the White Cell Count Factor. — ^No evidence has as yet been 
obtained which would indicate that increasing amounts of serum 
compensate in any way for a comparative lack of white blood cells. 
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Extri mic factors: 


Amount of antiserum 


Direct relationship Number of ^ 
< > pneumococci 


Mutually 

compensatory 


Direct 

relation- 

ship 


Intrinsic factors: 


Body weiglit 


Wiite cell 
count 


The intrinsic factors appear to be related in this manner to the extrinsic 
factors and through these to each other. 


DISCUSSION 

The purpose of these experiments has been to arrange critical combi- 
nations of controllable variables in order to learn, if possible, whether 
the results might be in any way related to one or more determinable 
host factors. As the work progressed it has been possible to make 
certain technical improvements and thereby bring out certain more 
dominant factors. In the first paper (1) experiments were reported 
which sufficed to point to the present more successful method of 
approach. It should also be mentioned that tlie normal rabbit is 
completely lacking in any form of specific antipneumococcus anti- 
bodies so that the quantity of antiserum administered represents the 
complete amount of specific immune substances present. Further- 
more the rabbit is so susceptible to Type I pneumococcus infection 
that the results are sharply defined. 

The experiments appear to have demonstrated the existence of two 
host factors which have a direct bearing on the capacity of the animal 
to utilize specific antipneumococcus antibodies. These two intrinsic 
factors find expression in terms of body weight and white blood cell 
count; but no evidence has been obtained to show that either the 
weight or the number of cells is other than a reflection of a more 
complex physiological system. They serve, however, as indices and, 
as such, they express the quantitative aspects of non-specific host 
resistance. Under the circumstances of the present experiments it has 
been possible to demonstrate that heavier animals with high white cell 
counts are in a physiological condition favorable to the utilization of 
passively conferred specific antibodies. It would appear that those 
animals which are physiologically mature and possess a condition of 
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PATHOLOGIC HISTOLOGY OF THE SHWARTZMAN 
PHENOMENON|mTH INTERPRETATHT) 
COMMENTS* 

Bv HOWARD T. KARSNER, akb ALA:I^ RICHARDS MORITZ, il.D. 

{From the InsixUile of Padwlogy, Weskrxi Reserve University and University 
Hospitals^ Cleveland) 

PXATES 1 AND 2 

(Received for publication, ^larch 26, 1934) 

The exact nature of the processes involved in the Shwartzman phe- 
nomenon is as yet not settled. This study of the histology of the 
reaction is presented in an attempt to arrive at a better understanding 
of the phenomenon. The studies of Karsner, Ecker and Jackson and 
of Moritz and Morley demonstrated that the Shwartzman reaction 
can be produced in stomach and knee joints of rabbits respectively. 
The details of the technique are given in their publications. The 
material obtained has been studied in the gross and microscopically. 
It was shown that the reaction in the stomach closely parallels the 
skin reactions in the same animals but the same was not true of the 
knee joints. 

EXPERIMENTAL 

Four control rabbits were employed in the stomach series. These were killed 
by fracture of the neck at 7 hours, 24 hours and two at 7 days after the prepara- 
tory' injection of concentrated to.ric filtrate of B, coU ciilture into the submucosa. 
In the gross, the only evidence of change at the site of inoculation in the 7 and 24 
hour periods vns slight swelling of the mucosa. In the two animal s killed at 
7 days the mucosa over areas of 8 by 10 and 8 by 12 mm. respectively was swollen 
and red and on section showed a gelatinous character of mucosa and submucosa. 
Sections were fixed in both 10 per cent neutral formalin and in Zenker’s fluid, 
embedded in paraffin, cut at 6 micra and stained -^dth hematoxv'hn and eosin. 
Microscopically the 7 hour stomach shon-s hemorrhage in the peritoneal and 
muscular coats, almost certainly traumatic. The submucosa is the seat of edema, 
fibrin formation and the infiltration of a few pohTnorphonudear leucoev'tes and a 

• .Aided by a grant from the Josiah Maev', Jr., Foundation. 
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few mononuclear cells principally of lymphocytic type. Capillaries arc large but 
hyperemia is not a prominent feature. In the 24 hour stomach, traumatic hemor- 
rhage is not observed. Edema of the submucosa with fibrin formation is well 
marked. In this area are many polymorphonuclear leucocytes with a few large 
and small mononuclear cells. The leucocytic infiltration involves the neighboring 
mucosa, without injury to the muscularis mucosae and also extends along the 
septa of the inner and outer muscular coats of tlie organ. The state of the blood 
vessels is about the same as in the 7 hour animal. Hoth the 7 day stomachs showed 
essentially the same features microscopically. The edema is still present, but the 
polymorphonuclear leucoc 3 ’'tes are much reduced in number. Large and small 
mononuclear cells are in larger numbers than before. There is a large amount of 
granulation tissue with fibroblasts, often multipolar, and newh' formed capillaries. 
In the septa of the muscular coat of the organ are Lymphocytes, large mononuclear 
cells and fibroblasts. 

Thus it can be said that the preparatory injection of toxic filtrate 
into the submucosa initiates an inflammatory reaction within a few 
hours, characterized by edema, fibrin formation and cellular exuda- 
tion. Eosinophiles with their large cytoplasmic granules are not found 
and the vascular change is only occasionally productive of hemorrhage. 

Seven control animals were used in the stud}^ of the Shwartzman reaction in the 
knee joints of rabbits. In these the preparator}^ factor was injected into the knee 
joint but as in the stomach controls, the subsequent intravenous injection of the 
reacting factor was not made. 

These animals were killed from 25 to 222 hours after injection, whicli was 
followed in all instances an acute sjmovitis. The inflammation is characterized 
by hyperemia, slight edema and exudation of small and large mononuclear cells, 
the former predominating. This reaction is most pronounced in the immediate 
vicinity of the injection. Polymorphonuclear leucoc^^tes and fibrin var}^ con- 
siderabty in amounts but as a rule are incenspicuous elements of the exudate. 
Hemorrhage is usuall 3 y confined to the region of the puncture wound. The S 3 mo- 
vial lining cells are swollen and in some instances h 3 yperplastic. The impression 
is gained that the joint fluid is increased or is at least under greater pressure than 
normal. Smears of joint fluid reveal onfv an occasional mononuclear cell. 

There is considerable variation in tlie extent and severity of the 
synovial reaction to the preparatory factor; a variation that is not 
entirely related to the time that has elapsed after injection. The 
inflammation is present in all four animals killed between 25 and 30 
hours after injection but in two of these the reaction is mild and in 
the other two quite severe. In the three animals sacrificed at longer 
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At the end of 7 days, edema has not entirely disappeared and there 
are still a few polymorphonuclear, and large and small mononuclear 
cells. The fibroblasts are present in great numbers and there is much 
collagen, but the capillaries are less numerous than at the 72 hour 
period. There is then definite progress in the direction of cicatrization. 

In addition to the sections from the actual areas of injection, sections 
were taken from other parts of the stomacli wall, both in tlie control 
and experimental animals. These show reactions of the same general 
character, but far less marked in degree. In none of these was 
thrombosis or hemorrhage observed. It appears tliat the severe 
local reactions are accompanied by less marked but similar (not identi- 
cal) changes throughout the stomacli wall. 

In no instance was anything even remotely suggestive of mucosal 
necrosis or ulceration observed. 

As regards the knee joints, six of the eleven animals in whicli both 
preparatory and reacting factors were injected reveal a local inflam- 
matory reaction whicli is definitely more extensive and which differs 
in cliaracter from that seen in the controls. In the other five, tlie 
inflammation is not in excess of that present in the controls. A simul- 
taneous Shwartzman reaction was attempted in skin and synovia of 
six rabbits, and although the skin reaction varies in severit)’' and is 
consistently more severe tlian tliat present in tlie synovia there is no 
correspondence between the severity of skin and synovial reactions 
in the same animal. The Shwartzman reaction in the skin, stomach 
and synovia is qualitatively similar in that in all tliree situations a 
positive reaction is characterized by endovascular necrosis, thrombo- 
sis, hemorrhage and exudation of polymorphonuclear leucocytes and 
fibrin. The macroscopic changes in tlie joints are not significantly 
different from those seen in the controls and are cliaracterized by 
swelling and hyperemia of the synovia. In several of tlie more 
severe reactions the joint fluid is blood-tinged and under increased 
pressure, but smears of this fluid do not reveal anj'- appreciable increase 
in cells. 

The Shwartzman reaction in tlie joints appears to be fully developed 
so far as thrombosis and hemorrhage are concerned as soon as 1 
hour after injection of the reacting factor, this being a considerably 
prompter reaction than is elicited in the skin. Exudation with ne- 
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crosis of both fixed tissue and exudate is increasingly pronounced in 5 
to 10 hours after injection of the reacting factor. Fibroblasts and 
granulation tissue are found at 25 and 26 hours after injection of re- 
acting factor, but organization is not extensive even after 196 hours. 

Skin sections have been described by Shvrartzman, but without note 
as to the reaction which follows injection of the preparatory factor. 
Skin sections in our animals show essentially the same tj^je of inflam- 
matory reaction as in stomach and joints, except that in the skin 
vascular thrombosis is more frequent and hemorrhage more extensive. 

Summary . — The preliminary injection of filtrates used in the Shwartz- 
man phenomenon leads to exudative inflammation, which although of 
variable degree, is usually slight or mild. Following the subsequent 
intravenous injection of the filtrates, the inflammation becomes much 
more severe and is accompanied by vascular thrombosis, vascular necro- 
sis and hemorrhage. The exudate is in large part inflammatory edema 
and at the height of the reaction the cells are predominantly polymor- 
phonuclear leucocjTes. Necrosis of exudate occurs and there is 
notable phagocytic activity by large mononuclear cells and by poly- 
morphonuclear leucoc>i;es. Eosinophiles are not foimd at any time. 
The process heals by granulation, organization and cicatrization. 

DISCUSSION 

There is little doubt that the Shwartzman phenomenon belongs 
somewhere in the category of immune processes. Shwartzman sepa- 
rated it from allergic phenomena by the local reactmty, short incu- 
bation, short duration of reacti\’ity, initiation by a single skin injection, 
severit}" of reaction and necessity for intravenous injection of the re- 
acting factor. Hanger thought that skin reactions to filtrates are due 
to previous bacterial sensitization. Gratia and Linz were definitely 
of the opinion that the Shwartzman and Arthus phenomena are re- 
lated. This they based on obser\’ations that (1) in certain cases where 
the Shwartzman is particularly intense it is accompanied by general 
clianges like those of anaphylactic shock, such as capillar^' stasis, 
fall of blood pressure, thrombopenia and delayed coagulation of blood 
corrected by a current of CO-; (2) the Shwartzman phenomenon when 
especially intense may desensitize against anaphylactic shock; (3) 
the rat and mouse arc refractory- to IxJth Shwartzman and anaphylaxis; 
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(4) in spite of differences in bacteria, filtrates and primary effect, the 
same hemorrhagic reaction follows the intravenous injection and this 
can be exactly duplicated in a modified Artlius phenomenon. Their 
views are not necessarily controverted by the fact that tliey do not 
distinguish true anaphylactic shock and anaphylactoid phenomena. 
The following discussion concerns the question as to whether or not 
the morphological study of the process can throw light on tlie subject. 

Reports of the effects of the primary injection show important differ- 
ences. Although Shwartzman stated that the local injection excites 
little or no reaction, a view shared by Apitz and by Gratia and Linz, 
microscopic examinations were not published.' Cohen found it impos- 
sible to elicit the Shwartzman phenomenon in the lungs without pre- 
vious bacterial injury of those organs. Our results indicate plainl)'^ 
that inflammation is produced by the primary local injection, visible 
in the gross and microscopically. The severity of these reactions 
may well be due to the fact that the filtrates employed were concen- 
trated. The concentrates from synthetic mediiun cultures were made 
by the method of Ecker and Rimington. Ecker and Welch reported 
severe local reactions to these concentrates and were confident tliat 
their product contained the essential factors necessary to the Shwartz- 
man phenomenon. That reactions may be produced by filtrates 
which have not been concentrated is beyond doubt. Hanger observed 
strong skin reactions in previously untreated rabbits ufitli 72 hour 
broth culture filtrates of Bacilhs Icplsepticus. Teissier and collabo- 
rators found similar reactions in guinea pigs to pertussis preparations. 
Unconcentrated filtrates are primarily toxic when administered intra- 
venously, as shown by Gratia and Linz. Concentrates were found 
to be toxic by Menten and King and Menten and Kipp. P. Bordet 
employed filtrate concentrates (acetic acid precipitation and solution 
of the precipitate) and arrived at the conclusion that primar}^ toxicity 
intervenes in the determination of the Shwartzman phenomenon. 

' Kielanowski and Selzer (Kielanowski, T., and Selzer, A., Coj)ipt. rend. Soc. 
bioL, 1934, 116, 648) have reported, as a result of the histological study of the skin 
of ten rabbits, that the preparator}”' factor produces inflammation. This does not 
differ in animals susceptible or refractory to the final reaction. They attribute 
the hemorrhage to humoral changes which provoke increased intracapillary pres- 
sure and rupture. These statements requife confirmation. 
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Rossle in hypersensitive reactions in the guinea pig, but not by Dienes 
and Mallory. Davidoff, Seegal and Seegal reported a few cosinophiles 
in anaphylactic inflammation of rabbit brain, but Seegal, Seegal and 
Jost did not observe them in similar lesions of the pericardium. EJine, 
Cohen and Rudolph and others have observed large numbers of eosino- 
philes in allergic skin reactions in man. In the rabbit skin, however, 
Gerlach did not find them and Opie reported them only following 
simultaneous injection of antigen and antibody. We found none in 
the Shwartzman phenomenon in the rabbit. As noted above, tlie 
primary inflammatory reaction of the Shwartzman shows edema, vas- 
cular lesions, leucocyte and mononuclear cell infiltration, but tlierc is 
nothing that would prove whether this is allergic or not. Fibrinoid 
is reported in allergic reactions by Gerlach and otliers of the Rossle 
school. Wlien present it is significant but not necessaril}’- patliogno- 
monic for it may be found in other conditions. Therefore, the absence 
of fibrinoid in our experiments does not exclude the possibility that 
the reaction is allergic. 

Evidence that the inflammatory reaction produced by local injec- 
tion of the preparatory factor in tlie Shwartzman phenomenon is 
allergic in nature is based upon physiological and immunological ex- 
periments. The morphological studies here reported are in accord 
with the assumption but not conclusive evidence. 

The local reaction whicli follows intravenous injection of tlie react- 
ing or provocative factor differs from that of tlie local injection or 
preparatory factor quantitatively rather than qualitatively. The 
exudative inflammation is accompanied by hemorrhage and necrosis. 
The hemorrhage is greater tlian that observed in the classical Artlius 
phenomenon and the necrosis less. The collagenous swelling occurs 
in both but is more prominent in the Arthus phenomenon. The es- 
sential features are the same in both phenomena save for these quan- 
titative differences. Eosinophiles were not observed in the reaction 
in our animals. Blood vascular degeneration, inflammation and 
thrombosis were more prominent following tlie intravenous injection 
than after the local injection. As regards tlie local injection, how- 
ever, these vascular changes were more pronounced in the periarticular 
structures than in stomacli or skin. That vascular injury occurs in 
the Arthus phenomenon is plainly shonm by Opie, and in a modified 
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Thus, as show! by Sliwartzman and Midiailovsky in mouse sarcoma, 
and by Gratia and Linz in guinea pig liposarcoma, tlic vessels of cer- 
tain transplantable tumors arc injured by intravenous injections of 
tlie filtrates. This has been obscrs'cd in animals not susceptible to 
the Shwartzman and, as reported by Duran-Rcynals, applies especially 
to rapidly growing and highly malignant transplantable tumors. 
Shwartzman regarded the vascular vulnerability as transient. 

The intimate relation of the phenomenon to vascular lesions is 
furtlier indicated by the fact shown by Peek and Sobotka and by Peck, 
that certain snake venoms can produce a refractory state to tlic 
Shwartzman phenomenon. It may then be said tliat although the 
cliemical nature of the essential factors is not known tlrey probably 
are related in some w^ay to the carbohj’^drates, but whatever tlie exact 
composition ma}'- prove to be the action is largely in the direction of 
vascular injury. 

It is no longer necessary to assume that immunity and sensitization 
are related to proteins only. Consequently the factors in the Shwartz- 
man phenomenon cannot be excluded as reacting substances in a 
sensitive animal. It is therefore conceivable that those animals 
which exhibit the Shwartzman phenomenon have been sensitized to 
products of Gram-negative and rarely other bacteria, tliat the reac- 
tion to the preparatory factor is in part due to this sensitization and 
that the augmented severity of the reaction follovnng intravenous 
inoculation is due to concentration of the factors in the inflamed 
site of the preparatory local injection. There must, however, be 
other conditions involved. Although Gratia and Linz claimed tliat 
ricin can act as a preparatory factor, they obtained negative results 
Avith distilled Avater and Avith 20 per cent NaCl solution. SliAA'artzman 
reported negative results Avith a variety of control substances includ- 
ing turpentine. Thus, the preparatory injection must not only pro- 
duce inflammation but also effect a particular state of vulnerability of 
the blood vessels. Since no differences are demonstrated betAA^een 
preparatory factor and provocative factor, except that the latter may 
be neutralized by immune serum, the two factors are probablj'’ one 
and the same, and the essential effects of both on blood vessels arc 
probably identical. 
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CONCLUSIONS 

The histological study of the reaction to injection of the preparatory' 
factor of the Shwartzman phenomenon shows it to be an exudative 
inflammation, but furnishes no conclusive evidence as to whether or 
not the inflamm ation is conditioned by previous sensitization to sub- 
stances contained in the bacterial filtrate. 

The histological study of the local reaction which follows the in- 
travenous injection of reacting or provocative factor shows exudative 
inflamm ation which differs from that due to the preparatory factor 
principally in the increased general severity and marked damage to 
blood vessels. The increased severity of reaction which follows the 
intravenous injection is probably due to concentration of the injurious 
agent at the site of inflammation determined by the preparatory' local 
injection. 

The exudative phenomena caused by the preparatory local injection 
are edema and infiltration of polymorphonuclear leucocy'tes and large 
mononuclear cells. Vascular injury is morphologically demonstrable 
in only a few of the sections, notably those from periarticular struc- 
tures. The intravenous injection determines an increase in cellular 
infiltration, necrosis of e.xudate, phagocytosis of cell debris, destruc- 
tion of vascular walls and hemorrhage. Healing is due to granulation, 
organization and cicatrization. 

Grateful acknowledgment is made to Professor E. E. Ecker for aid 
in this study. 
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EXPLANATION OF PLATES 
Plate 1 

Fig. 1. Stomach wall 7 days after intravenous injection of reacting or pro- 
vocative factor. Severe edema of submucosa and in higher magnification granu- 
lation and organization are present. At the left a remote normal part of tlie 
same stomach. Hematoxylin and eosin. X 20. 

Fig. 2. Hyperemia, exudation and venous thrombosis in anterior fat pad of 
knee joint, 4 hours after intravenous injection of provocative factor. Small artery 
near margin is unaffected. X 94. 


Plate 2 

Fig. 3. Exudation in wall of small vein in anterior fat pad of knee joint, 22 
hours after local injection of preparator}’- factor. Control observation. Reaction 
more severe tlian usual. Hematoxylin and eosin. X 252. 

Fig. 4. Necrosis of exudate and phagocytosis of cell fragments in submucosa 
of stomach, 25 hours after intravenous injection of provocative factor. Hema- 
to.xylin and eosin. X 660. 
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illness or pathological alteration detectable at autopsy been observed. These 
control experiments indicated that neitlier the process of anesthetization nor the 
introduction of fluid in 1 to 2 cc. amounts into the noses of anesthetized ferrets in- 
duced any clinical or pathological change which could be confused with the disease 
resulting from similar inoculation with infectious material of swine influenza. 
As will be described in more detail later, however, the severity and extent of the 
disease produced in this manner were greater than in animals infected without 
the aid of an anesthetic. 

The Production of Disease in Ferrets by Intranasal Inoculation 'loitli 
Infectious Material frojn Cases of Swine Influenza 

Four attempts to infect ferrets with four different samples of in- 
fectious material from experimental cases of swine influenza have all 
been successful. For these experiments 2 field strains of the disease 
were used: Strain 15, obtained from Iowa in 1930, and Strain 19, 
obtained from Iowa in 1933. Furthermore, the disease so produced 
proved readily transmissible in series through ferrets. One series 
has at present reached its 16th ferret passage. In passing from ferret 
to ferret the usual procedure has been to prepare an approximately 5 
per cent suspension of pathological lung, or patliological lung plus 
bronchial exudate, from a ferret killed on the 3rd or 4th day following 
infection and to use 1 to 2 cc. of the supernatant fluid from this sus- 
pension in inoculating the next ferret intranasally. Where it has been 
necessary to delay infecting this animal the pathological lung from 
the ferret of the preceding passage has been stored, as drunks, in 50 
per cent glycerol in the refrigerator. Material stored in this way for 
as long as 75 days proved fully infectious when tested. 

Clinical Picture of the Disease in Ferrets 

The clinical picture exhibited by the ferrets in the present experi- 
ments was similar to that described by Smith, Andrewes, and Laid- 
law (1). Differences observed are attributable to a more extensive 
and severe pathological alteration in the respiratory tracts of our 
ferrets, the result possibly of two variations in technique. First, most 
of our ferrets were anesthetized prior to inoculation; and second, lung 
was used instead of turbinates as a source of infectious agent. It is 
also possible that American ferrets are more highly susceptible to 
infection. 
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Pathology of the Disease in Ferrets 

111 addition to showing the pathological alterations observed by Smith, Andrewes, 
and Laidlaw’ in the nasal passages (1), the ferrets in these experiments have 
exhibited marked and extensive lesions throughout the \vhole of the respiratory 
tract. Ferrets infected wdiile anesthetized show, when autopsied on the 3rd or 4th 
day of illness, the following picture. The trachea and bronclii contain a thick, 
tenacious, glass}’’, Avhite mucous exudate, wliich is usually profuse and frequently 
foams out when the tracliea is cut open for culturing. The lungs are extensively 
affected and their involvement is of a lobar cliaracter. The lobes affected in the 
order of frequency are as follow's; right diaphragmatic, azygos, right cardiac, left 
diaphragmatic, right apical, and left apical. Usually only the first three lobes 
mentioned are affected but occasionally an animal comes to autopsy showing a five 
lobe involvement and in the 3 fatal cases all six lobes w^erc affected (Fig. 2). The 
involved lobes are deep bluish red in color; they appear distended and larger than 
normal and do not collapse when left standing, after removal from tlie animal, 
as do the uninvolved lobes. They have a gelatinous appearance in the gross and 
present a smooth, tense, and glistening pleural surface. When such lobes are cut 
across there is, as a rule, a rather copious outflowing of a frothy scrosanguineous 
fluid. The cut bronchioles protrude and exude a slimy w’hite mucous exudate. 
The lymph nodes at the liilum of the lung ma}’’ be prominent and edematous but 
this is not a constant picture. Figs. 1 and 2 illustrate the gross appearance of the 
pathological lungs. 

The w’hite spots on the lung surface, described by Dunkin and Laidlaw' (3) in 
their distemper-infected ferrets, have been seen in about one-third of the animals 
coming to autops}^ Since similar spots have been seen b}’’ the w’riter in appar- 
ently normal ferrets they are not considered significant w’itli respect to the present 
experiments. 

Histologically the trachea and bronclii are found to contain a variable exudate 
comprised usuall}’’ of round cells, pob^orphonu clear leucocytes, and desquamated 
epithelial cells imbedded in a pink-staining granular ground substance. The cilia 
lining tlie trachea and bronchi are usually either gone or badly matted togetlier. 
The lining epithelium is, in places, fragmented and partially desquamated. Leuco- 
cytes are frequently to be seen passing out through the epitlielium. Blood vessels 
in the submucosa are often dilated and packed with red blood cells. In some 
sections the smaller bronclii are cuffed by infiltrating round cells. 

In the lung itself tlie histopathology is essentiall}^ that of an edematous pneu- 
monia. The alveoli are, for the most part, distended and contain a few^ cells in 
addition to much coagulated plasma and some strands of fibrin. The majority 
of these cells are large with round nuclei and a relatively abundant pale-staining 
cytoplasm. Polymorphonuclear leucocytes and red blood cells are present in 
variable numbers. The leucocytes are usuall}^ most abundant in the alveoli 
adjacent to terminal bronchioles. The alveolar w^alls are great!}’’ thickened due 
partlv to the presence of dilated red cell-packed capillaries and partly to infiltration 
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SWINE INFLUENZA IN FERRETS 


The component of tlie swine influenza etiological complex causing 
disease in ferrets was thus, presumably, the swine influenza virus. 
Two attempts to infect ferrets with bacteriologically sterile Berkefeld 
N filtrates of known infectious material have resulted positively, 
producing a disease which, while somewhat milder than that induced 
by tlie unfiltered suspensions, was nevertheless qualitatively typical. 
At autopsy both filtrate-infected ferrets e.xliibited cliaracteristic 
pulmonary lesions. The traclieal exudates and pathological portions 
of the lungs of both animals proved bacteriologically sterile. Passage 
from one of tlie filtrate-infected ferrets resulted in the characteristi- 
call}'^ severe disease in the next serially infected animal. This indi- 
cated that the milder cliaracter of tlie illness in the filtrate-infected 
animals had been due only to a dilution of virus during the process 
of filtration and not to the loss of some etiologically essential compo- 
nent other than virus. 

Infectious material (lung) from sick ferrets after storage in 50 
per cent glycerol at refrigerator temperature for periods of 26, 30, 53, 
and 75 days, has proved to be fully infectious for ferrets. This ability 
of the infectious agent to preserve well in glycerol, together with its 
ready filtrability and its transmissibility in series through ferrets 
indicates that it is a virus. 

Failure of the Virus to Infect Ferrets When Administered Subcuta- 
neously. — Ferrets, anesthetized with ether and then inoculated sub- 
cutaneously with 2 cc. amounts of virus known to be active, ex- 
hibited no clinical evidence of illness and were completely negative 
when autopsied 6 days following inoculation. This is in accord with 
the experience of Smith, Andrewes, and Laidlaw and indicates a 
tropism of the virus for respiratory tract tissues similar to that 
exhibited by the swine influenza virus in swine (6). 

The experiments thus far described indicate that there is a virus 
present in infectious material from cases of swine influenza that is 
pathogenic for and transmissible in series through ferrets. They con- 
firm the earlier experiments of Smith, Andrewes, and Laidlaw (1) 
on this point completely. The remainder of tlie experiments to be 
described were conducted in the attempt to establish whether this 
virus is actually the swine influenza virus. 
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5 per cent suspensions in physiological saline and the supcmalant fluid from such 
suspensions used as the source of virus. The swine virus used had at no time been 
passed tlirough ferrets and the swine influenza convalescent scrum had been ob- 
tained from pigs infected with virus tliat had at no time been passaged through 
ferrets. A small quantity of a culture of 11, injliicuzac suis was added to each of 
the serum-virus mixtures to be tested in swine, since, in this species, both this 
organism and the virus are etiologically essential to the production of the typical 
disease (4). The serum-virus mixtures were, in all instances, incubated for 30 
minutes at 37°C. and tlien stored for 2 liours in the refrigerator prior to intranasal 
inoculation into the test animals. In the cases of the swine inoculations, the cul- 
ture of H, influenzae suis was added to the serum-virus mixture after the pre- 
liminar}^ period of incubation and storage and immediately prior to inoculation 
into tlie test svdne. All ferrets used in these neutralization experiments were 
anesthetized vdth ether to facilitate inoculation and to enhance the severit}" of the 
disease. 

Experiments 4, 5, and 6 recorded in Table I require some comment. In Experi- 
ment 4, Swine 1441, which received a mixture of 5 cc. of ferret virus suspension, 
10 cc. of swine convalescent serum, and 1 cc. of a suspension of a culture of //. 
influenzae suis, was not completely protected and developed influenza after an 
incubation period of 3 da^^'S, as compared with a 24 hour incubation period for its 
control, Swine 1442. It was evident, from the lengthened incubation period, that 
the virus had been partially'- neutralized. Using a smaller amount of virus in 
Experiment 5, ferret virus was completel}^ neutralized by swine influenza con- 
valescent serum. In Experiment 6, Ferret 7, inoculated intranasally with a 
mixture of swine influenza virus and ferret convalescent serum, developed no 
illness, while its control, Ferret 8, came down typica]I)% Ferret 7 proved immune 
to reinfection, however, when tested later. In view of the fact that not one of the 
35 ferrets inoculated intranasally with swine influenza virus during the course of 
these experiments has resisted infection, it seems likely that, in the case of Ferret 
7, the serum-virus mixture it received was neutral enough to prevent a clinically 
recognizable infection, but not to prevent immunization. 

DISCUSSION 

The experimental data presented in the last two sections of this 
paper are such as to indicate conclusively tliat the virus from swine 
influenza infectious material, capable of producing disease in ferrets, 
is actually the swine influenza virus. The virus has been observed 
to produce a definite and constant disease picture in ferrets for 16 ser- 
ial passages and when, mixed with //. influenzae suis, it has been tested 
in swine at the end of the series as well as during the course of the 
passages, it has regularly produced characteristic swine influenza. 
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SWINE INFLUENZA IN FERRETS 


by the anesthetic, a mudi larger dose of virus is given and it is intro- 
duced more deeply into the respiratory tract. It seems probable 
from the evidence available that the second explanation is most 
applicable and that swine influenza in ferrets represents a purely local 
infection in whicli lesions are produced in the respiratory tract only 
where the virus is introduced meclianically. 

The disease that Smith, Andrewes, and Laidlaw have described 
unquestionably more nearly represents the natural infection of ferrets 
with swine influenza virus than does the disease produced by the 
methods here described. The use of anesthetization with ether in 
infecting ferrets witli swine influenza virus, however, presents the 
advantages of facilitating inoculation and giving a more definite, 
constant, and easily recognizable disease with which to work. 

Experiments designed to determine whether or not swine influenza 
virus was capable of transferring from ferret to ferret by contact have 
so far yielded inconclusive results. However, in all of tlie experi- 
ments recorded in this paper the isolation of animals was rigid enough 
to prevent accidental infections by contact. 

SUMMARY 

The experiments described confirm tire earlier observation of Smith, 
Andrewes, and Laidlaw that tlie swine influenza virus is patliogenic 
for ferrets when administered intranasally. A disease that is clini- 
cally more severe and pathologically more extensive than that de- 
scribed by the above workers is obtained if inoculation with the virus 
is performed under ether anesthesia. Animals infected in this way 
show at autopsy an edematous type of pneumonia of lobar distribu- 
tion which may terminate fatally. The virus maintains its patho- 
genicity for ferrets when stored in 50 per cent glycerol at refrigerator 
temperature for as long as 75 days. After serial passage through 16 
ferrets the virus is still capable of inducing swine influenza when 
mixed with E. influenzae snis and administered intranasally to swine. 
Ferret passage causes no apparent attenuation of the virus for swine. 
Serum from pigs recovered from s^vine influenza is capable of neutral- 
izing the ferret-passaged virus for either swine or ferrets. Likewise 
serum from recovered ferrets neutralizes the swine influenza virus for 
either ferrets or swine. 
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LYMPH AND THE FOMIATION OF EDEMA 


directly with tliat of l3anph collected from one of the l>anphatic trunks 
draining the edematous region. This purpose has been accomplished. 
In addition phenomena have been encountered which on the one hand 
have brought a clearer understanding of the circulation through the 
tissue spaces and on the other have marked out features concerning 
which existing knowledge is still inadequate. The findings collec- 
tively form the basis of this communication. 

To avoid confusion in terms it is necessary at the outset to define briefly the 
sense in which several words and phrases are to be empIo 3 "ed. The word l.vmph 
udll be used onl}^ when referring to the fluid content of the braphatic vessels and 
not as S3mon3’^mous with tissue fluid as has been done so frequent] 3 '’ in the past. 
Capillar 3 ’’ filtration, capillary filtrate, and capillar 3 '' reabsorption vdll be em- 
plo 3 ''ed in the exact sense which tlie words impb". The terms tissue fluid, inter- 
stitial fluid, and intercellular fluid will be used interchangeabb'’ to refer to the 
fluid which is present in the interstitial spaces and which is outside the walls of 
both blood capillaries and b"uiph capillaries. A distinction will be made between 
the phrases rate of b^niph flow and b'’uiph formation or b^’niph production. The 
former will appb^ to the volume of tymph delivered b 3 ^ a given b^phatic vessel 
in a unit time and tlie latter two to the process of generating fluid which under 
certain circumstances can enter the b'Uiphatics and give rise to b^mph flow. 

Methods 

The dogs used were of mongrel breeds and varied in weight from 15 to 26 kilos. 
Lymph was obtained exclusiveb" from vessels of the lower leg into which cannulas 
were inserted some inches above the ankle but well below the knee or elbow. 
Lymph so obtained has not undergone any theoretical alteration b3" filtration 
through b'’i^ph nodes and comes in large part from regions liable to be affected 
with subcutaneous edema. In earlier experiments the small operation necessar}’’ 
for locating and cannulizing a b^i^pk^^tic trunk was performed under general 
anesthesia (either nembutal or ether) ; in later experiments local anesthesia with 
novocaine was found quite suflfleient. Lymph flow was stimulated either b 3 ^ 
gentle massage of the foot and ankle combined with passive motion of tlie extrem- 
ity or by allowing the animal to walk or run about in the manner described b 3 
White, Field, and Drinker (9). The rate of flow was determined by measuring 
the volume of l 3 anph entering the cannula in an arbitrar 3 ’’ time. 

The methods of producing edema by plasmapheresis and by the limitation of 
protein in the diet have been described in a previous paper (10).^ Edema fluid 

^ A slight modification has been made in the composition of the diet, that is, 
cod liver oil, 10 cc. daily, has been substituted for the butter fat. Animals main- 
tained on the modified diet have remained in better health than those on the 
original diet and have exhibited fewer skin lesions. The cod liver oil was supplied 
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TABLE I 


Rate of Lymph Flow in Six Normal Dogs 


Time 

Anesthetic 

Acti\nty 

Rate 

Time 

Anesthetic 

Activity 

Rate 


Dog 10-00 



Dog 1-31 



(left fore leg) 



(left hind leg) 


2:15 

N 

Walking 

cc, 

0.9 

11:25 

L 

iMassage 

cc. ' 

2:45 

N 

Running 

1.2 

12:25 

L 

Walking 

1.8 

3:15 

N 

Sitting 

0.6 

12:55 

L 

Walking 

1.6 

3:45 

N 

Walking 

0.7 

1:25 

L 

\^^alking 

1.6 

4:15 

N 

Walking 

0.7 

2:05 

L 

I^Iassage 

♦ 

4:45 

N 

Walking 

0.7 

2:45 

L 

Walking 

2.5 

5:15 

N 

Walking 

1.2 

3:15 

L 

Walking 

2.4 


Dog 9-2 



Dog 8-40 



(left hind leg) 



(right hind leg) 


mi 

L 

Massage 

2.2 

10:45 

L 

Massage 

4.4 

msm 

L 

Massage 

1.0 

11:15 

L 

Walking 

1.6 

1:15 

L 

Massage 

1.2 

11:45 

t 

Walking 

1.7 

2:00 

L 

Massage 

[ 1.0 

12:15 

L 

Walking 

1 1.4 

2:23 

L 

Walking 

0.1 

12:45 

L 

Running 

2.5 

2:50 

L 

Walking 

2.9 

1:53 

L 

]Massage 

2.6 

3:10 

L 

Walking 

2.7 

2:15 

L 

Walking 

2.1 

3:30 

L 

Walking 

2.7 

2:45 

^ • 1 c 

L 

Walking 

2.3 





O « 1 0 

L 

Walking 

1 .o 


Dog 5-b 







(right fore leg) 



Dog 9-1 







(left hind leg) 


2:00 

E 

Massage 

11.7 





3:15 

E 

[Massage 

9.5 

2:45 


Walking 


4:00 

N 

Walking 

5.2 

3:15 


Running 


4:30 

N 

Running 

7.3 

3:45 


Walking 

mm 

5:00 

N 

Sitting 

0.5 




HI 

5:30 

N 

Walking 

4.8 


■1 


■ 


Lymph flow is expressed as total l 3 ^mph from foot in 10 minutes. L 3 anph from 
single l3’'mphatic trunk is multiplied b 3 ’’ 3 to obtain total lymph. Collections were 
continuous throughout successive periods except as noted. Time, as entered in 
the table, refers to the median time during a period of collection. Thus, tlie rate 
of flow at 2 :45 p.m. may be calculated from the volume collected between 2 :30 and 
3:00 p.m., or from the volume collected between 2:40 and 2:50 p.m., etc. Dog 
8-40 rested between 1:00 and 1 :45 p.m. while receiving 500 cc. of ph 3 ^siologic salt 
solution intravenousl 3 \ Dog 9-2 rested between 2 :40 and 3:10 p.m. while receiv- 
ing 650 cc. of Locke’s solution intravenousl3’’ and Dog 1-31 rested between 1 :40 and 
2:05 p.m. while receiving 500 cc. of Locke’s solution intravenousl 3 ^ 

The following abbreviations are used in this and subsequent tables. E, etlier 
anesthesia; B, nembutal [sodium-eth 3 d (/-meth 3 d but 3 d) barbiturate] anestliesia; 
N, normal state after recovery from ether anesthesia; and L, local novocaine 
anesthesia. 

* Observations during these intervals are omitted as the conditions of collec- 
tion and measurement were altered. See Table II. 
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flows at a relatively rapid rate. As the stimulation is continued the 
rate decreases and finally attains approximately constant values. 
The maximum rates in Table I were measured immediately after 
periods of rest and were calculated from the volumes of lymph col- 
lected in the first 10 or 15 minutes. Table II records an experiment 
in which after a period of rest lymph flow was measured over a munber 
of 15 second intervals. The short interval has accentuated the rapid- 
ity of the initial flow. A relatively constant rapid rate was main- 


TABLE n 

Rale of Lymph Flow during Successive Time Intervals Following a Period of Rest 
Dog 1-31, Left hind leg. Local anesthesia. 


Activity 

Time interval 

Volume of lymph 
collected 

Rate of florv from foot 

None 

25 min. 

cc. 

0 

cc, per 10 rr.ln. 

0 

Massage 

15 sec. 

0.30 

36.0 

Massage 

12 sec. 

0.26 

1 39.0 

Massage 

15 sec. 

0.37 

44.4 

Massage 

15 sec. 

0.27 

32.4 

Massage 

15 sec. 

0.30 

36.0 

Massage 

15 sec. 

0.20 

24.0 

Massage 1 

15 sec. 

0,15 

18.0 

Massage ■ 

30 sec. 

0,20 1 

12.0 

Massage 

30 sec- 

0.25 

15.0 

Massage 

30 sec. 

0.30 

18.0 

Massage 

30 sec. 

0.10 

6 0 

Massage 

1 min. 

0.20 

6.0 

Massage 

2 min. 

0.20 

3.0 

Walking 

30 min. 

2.50 

2.5 

Walking 

30 min. 

2.40 

2.4 


tained for 75 seconds only; thereafter, it declined progressively. In 
this case the initial rate of flow, approximately 38 cc. per 10 minutes, 
permits an estimate of the carrj'ing capacity of the vessels and it is 
clear that this capacity greatly exceeds the normal rate of continu- 
ous flow. The fact wll become significant when the findings with 
edematous dogs are considered. It is believed that the temporarily 
rapid initial flow depends on the quantity of extracapfllaiy and inter- 
cellular fluid which has accumulated during the preceding period of 
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inactivity. With the commencement of activity this fluid is dra\sTi 
at once into the lymphatics. In contrast the rates recorded after a 
constant flow has been established must measure the formation of 
fresh lymph. Such rates have regularly exhibited minor fluctuations 
but in general have been close to the minimum rates observed during 
activity. On this basis the rate of lymph production in the foot of a 
normal active dog can be estimated as 1.45 ±1.20^ cc. per 10 minutes. 
The figure represents the average of the minimum rates of flow in 
six dogs of this series and in eight dogs studied by Wliite, Field, and 
Drinker (9).'* 

The data in Table I confirm the observation of ^Wlite and his asso- 
ciates (9) that Ijmph flow varies with the degree of activity. The 
variation between flows produced by moderate and excessive activity 
(walking and running) is, however, small in comparison with the tem- 
porarily increased rate whidi follows complete rest. 

Lymph Flow in Edematous Dogs 

When edema is produced in dogs either by plasmapheresis or by 
dietary restriction, it rarely happens that all four extremities are in- 
volved simultaneously. For this reason it has been possible to 
measure lymph flow in edematous dogs from non-edematous extremi- 
ties as well as from edematous extremities. With edematous extremi- 
ties lymphatics have always been selected for cannulization whicli 
included the edematous part in the region drained. Because the toes 
and paws are more swollen in nutritional edema than in plasmaphere- 
sis edema, lymph from protein-fasted dogs drains more generally from 
edematous regions than that from animals treated by plasmapheresis. 
The rate of flow from seven edematous extremities in six dogs is shown 
in Table III. The average maximum rate of flow was 19.3 cc. in 10 
minutes, a higher figure than was recorded with any normal animal. 
Individual measurements, however, exhibited mucli variation which 
in a rough way could be correlated with the degree of edema present. 
For example, the left hind leg of Dog 2-3 presented a mild edema and 

^ Standard deviation of the distribution. 

■' For the discussion which follows the reader should note that in speaking of the 
rate of lymph formation we shall be referring to data secured through a study of 
the minimum rates of h’mph flow. 
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the maximum rate was 3.9 cc. in 10 minutes, whereas the right fore 
leg was markedly swollen with edema and yielded lymph at an initial 
rate of nearly 50 cc. per 10 minutes. As in the normal animal, the 
initial rate of flow was invariably greater than that subsequently 
recorded, the decline being greatest when the initial rate was high- 
est. The rapid decline from the initial rate indicates that even in the 
edematous animal the lymphatics are able to carry fluid from the tis- 
sues at a faster rate tlian newly formed fluid can accumulate. The 
maximum rates of flow are probably not greater than those in normal 
animals during the first seconds following a period of rest and merely 
indicate the presence of an increased accumulation of extracapillary 
fluid (edema fluid) which is able to maintain an accelerated flow for 
a longer space of time. Table IV presents the observed rates of 
lymph flow in three edematous dogs from five extremities in which 
palpable edema was not demonstrable. An average maximum rate of 
flow of only 2.90 cc. per 10 minutes ag&,in exemplifies the dependence 
of initial flow on the degree of edema. 

The minimum rate of flow, whicli provides an estimate of the rate 
of lymph formation, is interesting in botli groups. Witli edematous 
extremities the average minimmn rate was 2.57 cc. per 10 minutes 
and with non-edematous extremities it was 0.72 cc. per 10 minutes. 
Although a real difference between the groups may exist, the result 
suggests that observations on the edematous extremities may not 
have continued long enough to furnish a record of tlie true minimiun 
rates.® In any case an average minimum rate for both groups to- 
gether of 1.80 cc. per 10 minutes is not significantly different from that 
of 1.45 cc. per 10 minutes which was measured with normal dogs. 

Effect of Stwmlating Lymph Flow on Edema 

The conclusion reached in the preceding section that during initial 
activity (massage and passive motion or normal walking) lymph 
drains from an extremity more rapidly than new lymph can be formed 
and that this flow depends upon previously accumulated extracapil- 

® When the amount of edema is considerable several hours may elapse before 
constant rates of flow are established at minimum levels. Witli animals weak- 
ened by prolonged restriction of protein in the diet or by frequently repeated plas- 
mapheresis operations, long continued physical activity is often impossible. 
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lary fluid, is verified in a striking way when one observes the effect of 
such activity on the edematous state. Repeatedly it has been ob- 
served (Dogs 5, 5-8, 9-1, 8-40) that swelling and evidence of edema 
slowly disappear during these periods. With extremities carrying a 
cannula in a lymphatic trunk the decrease in clinical edema has always 
been correlated closely with the declining rate of lymph flow. In these 
cases a precisely similar decrease has always been seen in non-operated 
extremities and the phenomenon can, tlierefore, bear no relation to 
tlie operative procedure. Under sucli circumstances it is impossible 
to escape the conviction that edema fluid, tliat is, interstitial fluid, is 
being drained from the tissues tlirough lymphatic channels. Finally, 
it may be noted that when edema is eliminated in the manner described 
it has always reformed after a subsequent overnight rest period. 

Protein in Lymph frotn Normal and Edematous Dogs 

In a recent monograph Drinker and Field (8) have brought together tlie obser- 
vations of numerous investigators which show that lymph collected from a variety 
of animals under different conditions and in different regions always contains an 
appreciable and sometimes a considerable quantit}' of protein. They have tabu- 
lated fifteen of their own observations concerning leg lymph obtained from quies- 
cent dogs under sodium barbital anesthesia. This lymph exhibited a protein con- 
centration (refractometer) which varied between 0.70 and 5.71 gm. per cent and 
averaged 1.84 gm. per cent. The authors believe that the higher concentrations 
exist for short periods only and point to theexperience of White, Field, andDrinker 
(9) who measured the protein content of b'mph from non-anesthetized dogs 
during periods of normal activity. “When constanc}' of protein was reached in 
eight dogs, the concentrations were from 1.52 to 0.5 per cent of protein.” 

The results of our investigation (Table V) are in substantial agree- 
ment with those reported by the above authors. Among twelve 
normal dogs protein concentrations var 3 dng between 0.45 and 3.45 
and averaging 1.59 gm. per cent were encountered. From five of tlie 
dogs specimens were collected during nembutal anesthesia. These 
showed an average of 2.06 gm. per cent of protein as contrasted with 
a figure of 1.25 gm. per cent from seven non-anesthetized dogs. The 
highest concentration observed in the absence of anestliesia was 1.89 
gm. per cent. Table VI presents the concentrations of protein in tlic 
lymph from ten edematous dogs. The values range from 0.01 to 0.69 
gm. per cent, average 0.23 gm. per cent, and are considerably lower 
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than those in the lymph from normal dogs. A marked reduction in 
the proteins of serum has also occurred but inspection of the serum 
protein : lymph protein ratios indicates that the fall in l}Tnph protein 
has occurred at a more rapid rate than the decline in serum protein. 
The ratio of average serum protein to average lymph protein in the 
normal dogs is 3.3; the same ratio in the edematous dogs is 12.7. 

The Protein Content of Lymph and Edema Fhiid 

In comparing the composition of Ijnnph with that of edema fluid it 
is important to bear in mind that the larger Ijrmphatic trunks do not 
dram subcutaneous tissue exclusively. In part tributaries are re- 
ceived from joints, muscles, fascial planes, tendon sheatlis, skin, and 
possibly bone. Among the portions of subcutaneous tissue drained 
by one vessel all degrees of edema may be present. L}anph collected 
from such a trunk cannot come exclusively from edematous subcu- 
taneous tissue and it is unlikely that the various tributaries contribute 
equally to the total volume. Following cannulizatiori the flow of 
lymph is first rapid and later relatively slow and the rapid flow is 
associated with a decrease in swelling in the edematous region. The 
fact suggests that tire proportionate contributions into the main Ijmiph 
channel are changing constantly during any period of collection. 
Finally, it is not unlikely that the continuous exercise necessary for 
maintaining a flow of lymph may of itself be the cause of variations 
in capillary permeability and so of fluctuations in composition of the 
lymph collected. In general the first specimens of Ijrraph will contain 
a large volume of edema fluid and a small volume of fresh filtrate from 
the capillaries. Later specimens may be composed chiefly of newly 
formed filtrate. 

In Table VII have been entered tire protein concentrations of edema 
fluid and of the first lymph collected following cannulization. In six 
instances in which direct comparison is possible® (Dogs 5, S-40, 2-3, 
5-8, 1-31) the difference in protein concentration between the two 
fluids was from 0.02 to 0.09 gm. per cent and averaged 0.04 gm. per 
cent. The differences are small, as would be expected, altliough in 

® Specimens from Dogs 8-06 and 8-38 are not compared as they were secured 
after death. Specimens from Dog 9-1 are also excluded as the edema fluid con- 
tained blood. 
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creased and then decreased in concentration of this substance. Com- 
parison of these concentrations witii tiiose present in edema fluids from 
corresponding limbs shows that in five instances out of six the edema 
fluid protein lay within the range of variation of the lymph protein. 
In the sixth instance (Dog 8-40) lymph protein was constantly higher 
than edema fluid protein. 



Chart 1. Protein concentration of edema fluid in relation to the fluctuating con- 
centrations of protein in lymph during a period of continuous collection. The 
numbers identify particular animals, the letters F and H refer to fore leg and hind 
leg, respectively. 


The Occurrence of Erythrocytes in Lymph 

Systematic microscopic studies of the cellular elements in lymph 
have not formed a part of this investigation. Such studies have been 
made by Haynes and Field •(11). The gross appearance of all speci- 
mens has, however, been noted as a routine; that is, they have been 
recorded as clear, or slightly, or moderately discolored with red blood 
cells. At first the possibility was entertained that these cells might 
be finding their way into the lymphatics through absorption from the 
tissues in the region of the operative incision. We have failed, how- 
ever, to secure evidence in support of this possibility. In one experi- 
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Lymph from the normal dog always contains an appreciable quan- 
tity of protein. Lymph from the edematous dog contains much less 
protein. The lymph protein deficit of edematous dogs is greater than 
can be accounted for on the basis of a proportionate loss corresponding 
to the serum protein deficit. The concentration of protein in lymph 
from edematous dogs is of tlie same order of magnitude as that of 
edema fluids although the two fluids are not identical in composition. 
Minor fluctuations in the protein of lymph occur while the collections 
are being made. The fluctuations may depend on varying propor- 
tionate rates of flow from different regions which send tributaries to 
the main lymph channels or they may result from variations in capil- 
lary permeability incident to the continuous exercise necessary for 
maintaining lymph flow. 

L3anph from the lower leg of normal and edematous dogs sometimes 
contains red blood cells and sometimes it does not. Both increases 
and decreases in the number of erythrocytes may follow in succession 
as the conditions of collection are altered. 

DISCUSSION 

The theory of Starling (1) postulates that the exchange of fluid across the capil- 
lary wall is controlled by a balance between capillarj’’ blood pressure, which acts 
to force fluid from the capillary into the tissues, and colloid osmotic pressure of 
the blood plasma, which tends to draw fluid from the tissues into the capillar 3 '. 
The balance is adjusted so that mechanical pressure is greater than osmotic pres- 
sure at the arterial end of the capillary and less than osmotic pressure at the venous 
end. The gradient in pressure through the capillary leads to filtration of fluid at 
the arterial end and reabsorption of the fluid at the venous end. \^flien filtration 
and absorption are equal, as is assumed in health, fluid, which is in effect an ultra- 
filtrate of plasma, circulates constantlj'^ through the tissues and so favors the free 
exchange of substance. The theory was elaborated in the experiments of Schade 
(4) on model capillaries made of collodion with which he demonstrated both filtra- 
tion and reabsorption when the collodion tubes were perfused with serum under 
controlled pressure. In 1930 Landis (12) published tlie results of measurements 
on vessels at the base of the human finger nail. Inaseriesofmanometricdetermina- 
tions by a microinjection technique he showed an average fall in pressure from 32 
mm. of mercury at the arterial end of capillaries to 12 mm. at the venous end. As 
the colloid osmotic pressure of the serum of human beings varies between 23 and 
28 mm. of mercury, the conditions anticipated by Starling were realized in 
the measurements. From the quantitative standpoint information is still lack- 
ing regarding the volume of fluid which circulates through the tissue spaces as a 
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efficiency of the lymphatic pump must be considerable for, as wc have 
seen, markedly edematous areas can be reduced to a non-edematous 
state within several hours. The removal of tissue fluid must lead to 
an immediate fall in pressure in the tissue spaces and disturb the rela- 
tion between capillary filtration and reabsorption in such a way as to 
increase the quantity of fluid actually leaving the capillaries. That is 
to say, the drop in pressure will lead to an increase in the area of capil- 
lary wall functioning for filtration and to a decrease in the surface 
available for reabsorption. 

Under these circumstances it is pertinent to inquire whether during 
physical activity the process of capillary reabsorption may not be 
completely in abeyance and the whole of the capillar}'^ wall fmiction 
for filtration. That such may be the case is suggested by the failure 
to observe any considerable increase in the rate of lymph formation 
in animals exhibiting serum protein deficits. The Starling theory 
demands that a declining osmotic pressure of the plasma be accom- 
panied by a steadily increasing area of capillary wall available for 
filtration. For this reason alone an accelerated lymph formation 
should be expected in the presence of hypoproteinemia. The failure 
to measure such an increase may, tlierefore, be taken to suggest tliat 
the whole of the permeable surface of the capillary already functions 
for filtration during periods of physical activity in tlie normal animal. 
Furthermore, regardless of explanation, the finding also suggests that 
failure of the mechanism for reabsorption plays a greater role in the 
causation of edema than increase in the rate of filtration. 

The equation given on page 79 also expresses the fact that the effective colloid 
osmotic pressure of the serum is represented by the difference between the total 
osmotic pressure of serum and the osmotic pressure of the fluid on the outside of 
the wall of the capiltar 3 ^ If the wall of the capHlar}’’ were almost impermeable 
to colloids, as was believed bj'^ Starling (1), Schade (4), Krogh (3), and others, the 
fluid outside the wall would contain so little protein that its effective osmotic 
pressure would be negligible. At the present time, however, the extensive evi- 
dence assembled bj' Drinker and Field (8) is too convincing to allow continuance 

their observations should be shown to hold for the subcutaneous tissues in general, 
it would become necessary to think that the fluid which accumulates outside the 
capillaries during rest is located within the bmiphatic capillaries and not strictlj 
speaking in the tissue spaces. 



aad iav»^ °/ ^ can,;?. . ‘ 


A. 






®°^riS( 






S"|5?S&?S5|S$S§t 


Si 




ese 

ib 

ois 


did ^ose ’tJ^ d/r?' ^^/onai 

‘“re Of „.^ and »! ‘fPflfaoW to Z,.,^ ^ ‘^Passed^f 


3npc 





^tat/ 


^e 


?*■«« ”?«■» «°‘,?*i'®. ; ^ «Pres^‘™5> >1. 


ajj^e 


frimi 


*iazi 


^noD 


^oidtf 

Qse 




^nakt,r ' ‘^Pffla 








s,„ '^^^’“asonanr”''^’ ®®d ,c 
of to fK.-.: «-e 


.^Pilla, 

aavcc 









Pro(, 




^PSlaty. 


‘^t of t. 




2 


LYMPH AND THE FORMATION OF EDEIklA 


5US animals is too great to be accounted for on the basis of hypoproteinemia 
lone, has suggested two possible explanations: (1) Either as a result of hypopro- 
jinemia or because of distention of the tissue spaces with edema, the permeability 
f the capillaries for protein may be lessened. (2) The fall in plasma osmotic 
ressure may so increase the filtering area of capillary wall and decrease the resorp-- 
•ve area that the reduction in lymph protein is due not only to the decrease in 
lasma protein but also to a further dilution with water whicli in the normal 
nimal would be reabsorbed into the capillaries. An assumption of diminished 
ermeability of the capillaries has to us been the more acceptable explanation for 
ae reason that an increase in the filtering area of capillary wall would be expected 
3 increase the volume of capillarj' filtrate, and we have seen that the rate of lymph 
jrmation in edematous animals does not give evidence of such an increase. 

Comparative analyses of lymph and edema fluid in this investiga- 
ion have revealed an approximate identity in the composition of the 
wo fluids. The finding lends some support to the belief that lymph 
lay be regarded as representative in composition of average tissue 
mid. Under the circumstances it is perhaps most wise not to stress 
light differences in composition whicli were, however, outside of the 
ange of analytical accuracy. Nevertheless, to our minds, the differ- 
nces have been of such a nature as to emphasize the manner in which 
ransient clianges in capillary permeability (as may occur during exer- 
ise) or variations in the quantity of lymph coming from different 
tructural units in the tissues (as certainly occurs when the supply of 
ree edema fluid has been exhausted) are reflected in immediate fluctua- 
ions in the quantity of protein in lymph. Under sucli circumstances 
he data do not as yet warrant the conclusion that lymph and tissue 
luid from normal animals will agree as closely in composition as l)anpli 
.nd edema fluid from animals with serum protein deficits. 

SUMMARY 

1. The experimental observations have been summarized at the end 
if an earlier section. The more important facts only will be recapitu- 
ated here. 

The capacity of the lymphatics for removing fluid from tlie tissues 
;reatly exceeds the rate at which freshly formed tissue fluid can be 
nade available for removal. Edematous regions can be rendered 
lon-edematous by the application of measures, such as massage, pas- 
ive motion, or normal exercise, whicli activate tlie lymphatics. 
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“synthetic” carbohydrate azoproteins have been employed as antigens 
in the production of immune rabbit sera. The carbohydrate radicals 
of these two antigens are identical in their stereochemical relationships, 
yet they differ in that one of the derivatives contains an acetyl group. 
From the mode of synthesis it is probable that the acetyl radical is 
bound on the sixth carbon atom of the glucoside, although its exact 
allocation in the molecule is, for the purpose of this study, irrelevant. 

It has previously been shown that conjugated carbohydrate-protein 
antigens containing either the azophenol a- or l3-glucoside give rise 
in each instance to antibodies which are predominantly specific, j^et 
capable of a secondary reaction with test antigens containing tlie 
heterologous hexoside (2). By means of the inhibition test it has 
been sho'am that the primary immune reaction is quite specific, since 
the union between homologous antigen and antibody is inhibited 
only by homologous glucoside, whereas the cross-reaction with the 
heterologous antigen is inhibited by both the homologous and the 
heterologous glucosides. Thus a difference in the stereochemical 
configuration of the carbon atom bearing the aglucon suffices to deter- 
mine the immunological specificity of the a and ^ derivatives of 
glucose irrespective of the protein with whicli they are combined. 
The identity in structure of the remaining five carbon atoms of both 
these glucosides may account for the cross-reactions between tlie anti- 
sera and the heterologous hexoside-protein antigen. If the structural 
identity of the terminal portion of the hexoside molecule be altered 
through the introduction of a chemical grouping sucli as the acetyl 
radical, then one might anticipate that the immunological specificity 
of the altered glucoside might well be different from that of tlie same 
glucoside in its unacetylated form. That tliis phenomenon actually 
occurs wiU be seen from the following experimental data. For com- 
parison the immunological properties of an antigen containing azo- 
phenol CK-glucoside are included. The structural relationships of 
the three hexosides, a and /'-aminophenol glucosides and the acetyl 
derivative of the latter, are illustrated by the following grapliic 
formulae: 
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side monoacetate were dissolved in 100 cc. of warm methyl alcohol. The sub- 
stance was reduced catalytically with 50 mg. of platinum o.xide and hydrogen 
according to the method of Vorhees and Adams (4). From the alcoholic solution 
1.2 gm. of ^-aminophenol ^-glucosidc monoacetale were isolated. This compound 
crystallized as a snow-white product difficultly soluble in ethyl alcohol, more solu- 
ble in methyl alcohol, and much more easily soluble in water. It melted at 177- 
179°C. (uncorrected) and had a specific optical rotation of 

, .,o - 1.69° X 100 

2 X 10 X0.1204 == ~ 

Analysis: 8.806 mg. substance when anah'zed for acetyl groups, utilized 1.94 
cc. n/70 NaOH. 

CH 3 CO- Calculated: 13.75 per cent. 

Found: 13.55 per cent. 

32.3 mg. sample when anal 3 'zed for nitrogen the micro Kjeldahl method 
utilized 6,87 cc. n/70 HCl. 

N Calculated: 4.47 per cent. 

Found: 4.26 per cent. 

The monoacetate of /^-aminophenol |8-glucoside is relatively stable to alkaline 
hj^drotysis. Aqueous solutions must be warmed (40-50°) with n/10 alkali before 
the acetyl group begins to hydrolyze. 

3. p-Aininophcnol a- and fi-Glucosidcs. — These compounds were prepared by 
methods previously described (2, 5). 

4, Preparaimi of Protein Azophenol a-Glncoside^ ^-Glncoside, and ^-Glncosidc 
Monoacetate A ntigens . — 

(fl) Ivimunizbig A 7 itigens. — ^The amino glu cosides were combined with tlie glob- 
ulin of normal horse serum in the manner previously described (2). The solu- 
tions of sugar-azo protein were sterilized b}'’ filtration through a Berkefeld candle 
and were used for immunization of rabbits. 

(Jb) Test Antigens, — In order to avoid the possibUit}'’ of antiprotein precipitins 
masking the specificity of the anticarboh 3 ^drate reactions, the test antigens used in 
the precipitin reactions were prepared b 3 ’’ combining the respective glucosides to 
the proteins of chicken serum. 

II. IMMUNOLOGICAL 

M ethods 

Rabbits were immunized b 3 ’’ the intravenous injection of solutions of the con- 
jugated hexoside-protein antigens. The rabbits of one series received the antigen 
composed of horse serum globulin coupled to diazophenol a-glucoside, those of 
another series were treated with the same protein combined witli diazophenol^ 
glu coside, while those of a third series received the protein in combination \\ith 
the acet 3 d derivative of the /8-glucoside. The rabbits of all three series uere in- 
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antibodies which cross-react with a test antigen containing the im- 
acetylated ^-glucoside, but not with one containing this glucosidein 
tlie acetylated form. On the other hand, an antiserum produced by 
immunization witli /?-gluco-globulin reacts not only with the homol- 
ogous test antigen, but with o?-gluco- and acetyl jS-gluco-antigens as 
well. If one of the hydroxyl groups of the immunizing antigen con- 
taining the ^-glucoside is covered with an acetyl group, then the 
homologous antiserum, although it still reacts witli a jS-gluco-antigen, 
fails to react with the ol homologue. The chemical basis underlying 


TABLE II 

Heterologous Prccipitins iu Sera of Rabbits Ivwnmizcd with a-GIuco-Globulin^ 
^'GIuco-GIobuUUy and Acetyl ^-GIuco-GIobulin 


Antiserum 

Test antigen 

Dilut 

1:5,000 

ion of test a 

1:10,000 

ntigen 

1:20,000 


a-Gluco-chicken scrum 

-k++zb 

4-}-± 


1. a-Glu co-globulin 

j5-Gluco-cliicken serum 

+++ 

+ =t 

+ 

! 

Acetyl /3-gluco-chickcn serum 

0 

0 

0 


a-Gluco-cliicken scrum 

++ 

-l-± 

+ 

2. /S-Gluco-globulin 

/S-Gluco-diickcn scrum 

[-l-++=l: 

-l — 1 — t* 

++ 


Acetyl ^-gluco-chicken senim 

+ -f-± 

++ 



a-Gluco-cliicken serum 

0 

0 

0 

3. Acetyl /S-gluco-globulin 

/8-Gluco-diicken serum 

+± 

-t- 



Acetyl /S-gluco-chicken serum 

++± 

++ 

++ 


+ + + + = Complete precipitation witli disk-like precipitate. 
0 = No precipitation. 


the differences in the immunological properties of these glucosides 
will be discussed later. 

3. Specific Inhibition Tests , — The selective specificity of cacli of the 
gluco-protein antigens is clearly demonstrated by the results of the 
inhibition tests whicli are given in Tables III, IV, and V. Analysis 
of the data presented in Tables III, IV, and V shows in cacli instance 
that upon addition of the corresponding glucoside to its homologous 
immune serum the specific precipitins are completely bound and arc 
no longer capable of reacting with either the homologous or heterolo- 
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gous test antigens. The specificity of the inhibition reaction is demon- 
strated by the fact that a heterologous glucoside does not inhibit the 
homologous precipitin reaction. The acctylated /3-glucoside antigen 
induces an immune response which is specifically distinct from that 
induced by an antigen containing this glucoside in its unacetylated 
form, for it is seen that the unacetylated /3-glucoside fails to inhibit 
the reaction between the acetyl /3-glucoside antigen and its homologous 
antibody (Test 5, Table III). This fact indicates clearly that the 

TABLE V 


specific Inhihiliou of Prccipilhts in ^-Gluco-Glohulin Antiserum by Ilonioiogous and 

Heterologous Glucosides 




/>-Aminophenol glucosides 
m/10 

Salt 


Test antigens (1:5,000) 


a 





solution 














Result 

antiserum 

a 


Acetyl 

0 

to 

volume 

.2 

rt 

/3-Gluco- 

chicken 

/S-Acctyl- 

gluco- 

chicken 

a-GIuco- 

chicken 









serum 



Test No J 

1 

1 


1 

1 

u 

CU 





cc. 

cc. 

CC. 

cc. 

cc. 

1 

cc. 

cc. 

cc. 


1 

0.2 



i 



0.3 

0 
a 

1 

0.5 

— 

— 

++++ 

2 

0.2 

— 

— 

— 

0.3 

d 

— 

0.5 

— 

+++ 

3 

0.2 

— 

— 

— 

0.3 

1 ^ 

1 

1 ^ 

— 


0.5 

++ 

4 

0.2 

— 

0.3 

— 

— 

■4-1 

c3 

0.5 

— 

— 

1 0 

5 

0.2 

— 

0.3 

— 

— 

uj 

1 

0.5 

1 

' 0 

6 

0.2 

— 

0.3 

— 

— 



— 

0.5 

0 

7 

0.2 

0.3 

1 — 

1 — 

— 

cs 

0.5 

— 

— 

+++± 

8 

0.2 

0.3 

— 

— 

— 

<D 

Ci 

— 

0.5 

— 

++ 

9 

0.2 

0.3 

— 

— 

— 

s 

— 

— 

0.5 

0 

10 

11 

0.2 

0.2 

— 

— 

0.3 

0.3 

— 

u 

a 

H-t 

0.5 

0.5 



+++± 

0 

12 

0.2 

— 

— 

0.3 

— 


— 

— 

0,5 

+± 


acetyl group confers a distinct and additional specificity upon a simple 
carbohydrate the stereochemical structure of which remains unaltered. 
From the results in Table IV, it is seen that the acetyl ^-glucoside 
does not inhibit the reaction of the unacetylated ^-gluco-test antigen in 
a-gluco-globulin antiserum (Test 8). In Table V it may also be seen 
that the reaction between /3-gluco-globulin antiserum and the homol- 
ogous antigen, although inhibited by the ^-glucoside (Test 4), is 
not inhibited by the same glucoside when one of the hydro.xyl groups 
has been covered by an acetyl radical (Test 10). 
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drate exerts a determining influence on the specificity of an antigen of 
which it forms a part. In conclusion it may be pointed out that the 
differences in serological specificity exliibited by the acetylated and 
deacetylated polysaccharides of Type I Pneumococcus are accurately 
paralleled by the purely synthetic system described. 

SUMMARY 

The chemical and immunological properties of the acetylated and 
unacetylated forms of the •^-aminophenol (3-gIucoside of glucose have 
been described. The serological specificity of these jS-glucosides in 
combination with protein has been correlated with known changes in 
chemical structure and has been compared with the immunological 
properties of the a-glucoside of the same hexose. 
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RESPIRATION MECHANISM OF PNEUMOCOCCUS. Ill 


Because of the destruction of the enzyme system by the excess hy- 
drogen peroxide, the consumption of oxygen begins to slow doivm after 
20-30 minutes, and the system is paralyzed entirely after 60-80 
minutes. This destruction is accounted for by the lack of catalase in 
the cellular substance, or the lack of ability of the organism to com- 
plete the reaction and to convert lactic acid and glucose quantitatively 
into hydrogen peroxide and pyruvic acid. These observations bring 
up the question: What will be the oxygen-consuming capacity of 
various organisms if we supply them with protective agents such as 
catalase and pyruvic acid?- The addition of 1 cc. of colorless, clear, 
blood catalase, or 1 cc. m/5 sodium pyruvate to the system increases 
the oxygen consumption up to 1772 per cent and with pyruvic acid 
up to 920 per cent within 300 minutes. The role of catalase and pyru- 
vic acid as protective agents for enzyme systems is evident. Not 
only do they enable the organisms to carry on their respiratory func- 
tions, but also to mamtain their reproductive functions and virulence 
for a longer period of time. The organism in a reaction system con- 
sisting of phosphate buffer and a fermentable substrate, after a 3 hour 
reaction period failed to grow in a new medium, and failed to kill mice. 
On the other hand, in the presence of catalase and pyruvic acid the 
organism maintained its ability to respire, and to grow in a new 
medium and to kiU mice. Furthermore the activity of the organism 
respiring in a system containing glucose or lactic acid as substrate, 
and catalase or pyruvic acid as protective agent is many times greater 
than the activity of those organisms which respire in a similar system 
free from a fermentable substrate. In the absence of a substrate the 
organisms are deprived of a source of energy necessary for self -mainte- 
nance, whereupon they undergo oxidative autolysis, resulting in a 
diminution of the number of active reproductive forms. This is 
usually associated with a loss of virulence, although the organisms are 
still viable. 

In the presence of protective agents the capacit}'^ of various types 
and strains of pneumococci to consume oxygen is practically of the 
same magnitude. The slight discrepancies do not offer sufficient basis 
for the formation of a definite opinion concerning their metabolic 

- Sevag, M. G., Nalurivtsscnsc/iaflcii, 1933, 21, 466-467. 
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TABLE I 

The Relation bchvccu I he O 2 Consumed and /7jO. Found* 


Pneumococcus 

C.mm, O 2 
consumed 

Cc. N/lOO 
Na 2 S 203 

rvilUU 

C.mm. O 2 
recovered ns 
IhOz 

Per cent of 
O 2 recovered 
as H 2 O 2 

« 

\n 

0 

U 

3 

5 

•3 

« 

u 

H 

.5 

0 

CO 

0 

V) 

0 

0 

3 

0 

0 

B 

u 

rt 

E 

3 

0 

t/3 

u 

0 

u 

3 

5 

0 

rt 

u 

« 

E 

0 

tn 

736 

1092 

527 

628 

915 

295 

u 

t /1 

0 

u 

5 

64 

65 I 

43 

53 

65 

39.8 

u 

rt 

u 

ra 

E 

3 

0 

C/3 

55 

60 

49 

52.7 

74 

30 

Virulent Type I (Lau.\0. . 

Young avirulent Tjije I (Laux) (avir- I 
ulent for a week).. 

Old avirulent Type I (Lau.x) (avirulent 
since 1927).,. 

Virulent Type II (Erfurt). 

Young avirulent Type II (Erfurt) 
(avirulent for a week). . . 

Old avirulent TjTDe II (Erfurt) (aviru- 
lent since 1928) 

865 

' 840 

650 

1122 

1393 

500 

1330 

1820 

1080 

1192 

1238 

986 

4.93 

1 4.87j 

2.49 

5.33 

8.18 

1.78 

6.57 

9.75 

4.70 

5.61 

8.17 

2.63 

552 

' 545 

279 

597 

912 

199 


* The duration of the respiration period was 200 minutes. 


TABLE II 


Increase of 0, Consumption in the Presence of Catalase and Sodium Pyruvate* 


Pneumococcus 

d-GIucose 

Sodium lactate 

ri 

0 

0 

CJ 

0 

u 

Respiration 
(without a 
substrate) 

Cl 

a 

0 

< 

0 

0 

CJ 

0 
u 

£ 

u 

1 

With catalase 

0 

a 

0 

< 

0 

0 

u 

0 

tj 

tS 

u 

1 

With catalase 

With catalase 

Pneumococcus alone 


cjnm. 

c.mm. 

c.mm. 

c.mm. 

c.mm. 

c.mm. 

x.vtm.l 

y.mm. 

c.mm. 

Virulent Type I (Lau.x) i 

865 

2768 

4610| 

1330 

3615 

6810 

1311 

' 984 

228 

Young avirulent Type I (Laux) (avirulent 




! 






for a week) 

84o| 

3585 

9250 

1820 

3625 

8300 

437 

450 

84 

Old avirulent Type I (Laux) (avirulent 










since 1927) 

650 

2280 

3140 

1080 

3085 

4080 

143 

280 

55 

Virulent Type II (Erfurt) 

1122 

2945 

3750: 

1192 

3055, 

5600 

474 1 

1482 

199 

Young avirulent Type II (Erfurt) (aviru- 










lent for a week) ] 

1393 : 

2928 i 

5500 1 

[238 : 

3800 : 

^6481 

222 1 

324 

69 

Old avirulent Type II (Erfurt) (avirulent 










since 1928) 

500 : 

1534 : 

>975 

986: 

!246: 

!750 1 

589 1 

300 

70 


* The duration of the respiration period was 200 minutes. 
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Fig. 1. Ox}^gen consumption during the oxidation of ^-glucose b 3 \- 

(а) Pneumococcus virulent T^'pe I (Laux). 

(б) Pneumococcus young avirulent Type I (Laux), avirulent for a week. 
(c) Pneumococcus old avirulent T 3 '’pe I (Laux), avirulent for a week. 

— □ — =1, d-glucose alone + pneumococcus. 

— A — = II, d-glucose + CHaCOCOONa + pneumococcus. 

— o — = III, rf-glucose + catalase + pneumococcus. 

— X — = IV, CHaCOCOONa alone + pneumococcus. 

— 0 — = V, catalase alone + pneumococcus. 

— A — = VI, pneumococcus alone. 

100 
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C.mm, 



Fig. 3. Oxygen consumption during the oxidation of rf-glucose by; 

(a) Pneumococcus virulent Type II (Erfurt). 

(b) Pneumococcus 3 '*oung avirulent II (Erfurt), avirulent for a week. 

(c) Pneumococcus old avirulent T 3 ^pe II (Erfurt), avirulent since 1928. 

— Q — = 1, ^/-glucose alone + pneumococcus. 

— A — = II, (/-glucose + CHsCOCOONa + pneumococcus. 

— o — = III, (/-glucose + catalase + pneumococcus. 

— X — = IV, CHaCOCOONa alone + pneumococcus. 

— o — = V, catalase alone + pneumococcus. 

— A — = VI, pneumococcus alone. 
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consumed by each organism, however, is neither a fixed quantity nor 
are the relationships presented constant. They vary ^vithin a cer- 
tain limit from specimen to specimen, the differences in each series of 
experiments not exceeding 20-30 per cent. In the absence of a pro- 
tective agent the ability of a given organism to use more oxygen than 
another depends on its ability to produce more pyruvic acid from glu- 
cose and lactic acid, its sensitiveness to hydrogen peroxide, and its 
resistance or tendency to autolysis. The same is true of different 
cultures of the same organism. These properties are often variable. 
For such reasons we are not able to make sharp differentiations. 
The results in the table show that with glucose 39-65 per cent of the 
oxygen consumed can be recovered as hydrogen peroxide, and with 
lactate 30-74 per cent. These values are by no means absolute. 
They vary from one experiment to another, but the variations are of 
negligible magnitude, and do not disturb the above relationsliips. 
It is to be noted that the ability of a virulent organism and its recently 
derived avirulent form to produce excess hydrogen peroxide is con- 
siderably greater than that of the old avirulent form of the same 
strain. 

The addition of protective agents to the respiratory system brings 
about marked differences in the O 2 consumption capacities of the 
various organisms. The most efficient protective agent is catalase, 
.partly because of the fact that a small amount of a highly active en- 
zyme preparation can be introduced without increasing the salt con- 
tent of the system. It destroys two molecules of H 2 O 2 , yielding one 
molecule of oxygen and two molecules of water. The O 2 so produced 
involves a liberation of energy which may be utilized by the cell. On 
the other hand, in only a few cases does p)TUvic acid approximate 
catalase as a protective agent. Its use is confined to a certain con- 
centration, for the reason that a higher concentration brings about the 
autolysis of the organism. Consequently in the presence of insuffi- 
cient pyruvate some H 2 O 2 is usually found in the reaction mixture. 
Furthermore the reaction products Avith pyruvate are acetic acid and 
CO 2 in the form of NaHCOs. These gradually inhibit or paralyze the 
system. Thus differences in organisms which, studied in a catala.se- 
containing system, are seen to possess markedly different activities. 
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CONJUNCTIVAL POLLICULOSIS OF RABBITS. I 


described two forms: one in which follicles were massed at tlie canthi, the follicles 
being considered as normal (JoUtcuIcs iioDuaux) ; and the other in which the lesions 
were scattered over the entire lid. In either case the upper, tarsal, conjunctiva 
was always clear. This absence of lesions in the upper lid was considered by them 
as a differentiation of the rabbit disease from human traclioma, since tliey could 
determine no distinction in the type of follicles in both affections. 

NicoUe and Lumbroso also found that the disease was transmissible from rabbit 
to rabbit either by inoculation of affected conjunctival material or by contact; 
the new-born being frequently attacked as a result of contact witli infected 
motliers. They reported, furthermore, that rabbit foUicuIosis was transmissible 
to monkeys {Macacus sbiicus and rhesus) and a papion (baboon), A single animal 
of each species was cmplo 3 ’cd for this test. Altliough they concluded in a first 
article (6) that Macacus inuus monkeys were not reactive to inoculation of rabbit 
foUiculosis material, they reported in a second paper (6) that two inuus monkeys 
had been infected with sucli material, tlie effects, however, differing from tliose in 
tlie otlier simians. The period of incubation was at least 10 weeks, instead of 2, 
and tlie lesions appeared in both the upper and lower lids, instead of onl}- in the 
lower. However the recognition of the spccificit}’* of tlie reaction in the inuus 
animals is important, since the writers asserted that isolated follicles appeared 
spontaneous!}’' among their monkeys, and tliat in their hands mere scarification of 
conjunctivae harboring sucli lesions induced an intensified foUiculosis over tlie 
entire membrane. These aspects of tlie problem as the}^ concern spontaneous 
granular conjunctivitis of monke 3 ’'s have ahead}’' been discussed in one of our 
previous papers (1). NicoUe and Lumbroso beUeved tliat there might be a telluric 
or humic origin of tlie rabbit disease {dcs maladies iclluriqucs on mieux humiques). 
In their opinion, the fact of its spread b}’' contagion from rabbit to rabbit does not 
render untenable the view that tlie origin of foUiculosis is in tlie soU or humus iritli 
which the animal comes in contact. 

After completion of the investigation on spontaneous follicular con- 
junctivitis of rhesus monkeys and cloimpanzees, with results as given 
in the introductory paragraph of this paper, we began a similar stud}’' 
of rabbits, with the object of determining the etiology of the malady 
as well as any possible relationship of the conjunctivitides among 
different species. In the present paper, we shall describe the clinical 
and pathological appearance of the disease and the attempts to identify 
the nature of the causal agent. In a second article we shall report 
bacteriological investigations and discuss the significance of the results. 

Clinical Observations 

We have found, like NicoUe and Lumbroso (6), that the conjunc- 
tivitis as it occurs in rabbits exists in two forms, which we designate 
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CONJUNCTIVAL FOLLICULOSIS OF RABBITS. I 


b}' granulations of various size which may lie in parallel rows or be irregularly dis- 
tributed. Here, as in Type I, the upper conjunctiva is also affected and reveals 
more marked congestion and edema with a resultant velvetj' appearance. • Charac- 
teristic foUicles, although scattered over the surface and especially at the inner 
canthus, are less numerous than those in the lower conjunctiva. There is often 
present a drop of greyish or faintlj- yellowish, mucopurulent secretion at the 
inner angle of the eye. 

This description applies to the form of disease as it is ordinarity seen in nature. 
After the disease has become chronic, the entire lower membrane becomes studded 
ndth uniform sized granulations, not unlike a gravel stone mosaic in appearance. 
In such instances the membrane assumes the greyish color of the massed follicles. 
Pannus of the cornea, ulcers, pits or visible scars also do not develop in this form of 
the disease. In most of the animals an ovoid network of injected blood vessels, 
measuring about 5 mm. in the longest axis, is present in the bulbar conjunctiva at 
the upper pole of the corneal limbus. 

In the diffuse type of spontaneous rabbit folliculosis, the disease 
lasts, as a rule, throughout the life of the animal. It is, however, es- 
sentially progressive, taking several weeks, or months, to reach a stage 
of stationary clironicity. During the progress of the affection infre- 
quent exacerbations or remissions may nevertheless occur, but the 
general tendency of slow progression to chronicity with a fully de- 
veloped reaction remains. Figs. 1, 2 and 2a show the lesions in the 
upper and lower conjunctivae in fully developed cases. 

Relation of Type I to Type II of the Disease . — The question whether 
the lesions of the localized form of folliculosis are simply enlargements 
of pre-existing conjunctival lymphoid tissue (6), or whether they con- 
stitute another form of the same disease is answered by the results of 
the following experiments. 

Two series of tests were undertaken. In one, 25 stock rabbits shoving charac- 
teristic Type I folliculosis and kept under quarantine were observed for the purpose 
of noting the progress of the disease over varying periods of time. Ten of the 
animals developed, during the natural course of the affection, in the 4th to the 6tli 
week of observation, the diffuse or Type II form of folliculosis. 

In the second test, each of three anestlietized rabbits having Type I conjuncti- 
vitis with lesions in all four lids was scarified in the upper left membrane only, b\ 
means of stippling with a No. 22 hj^podermic needle.^ From 12 to 20 days later 
the animals revealed the diffuse tj^pe of folliculosis in the scarified conjunctiva, 

^ All experimental procedures on animals as reported in this paper were per- 
formed with the aid of ether anesthesia. 
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definite center of clasniatocytes surrounded by o. well defined zone of lymphocytes, 
such as is seen in otlier conjunctival follicular diseases, does not occur in rabbit 
folliculosis. A slender, fibrous capsule encircles the follicle. The blood vessels 
throughout the conjunctiva are dilated and distended with blood. In general, the 
lesion appears superficially like a granuloma, but granulation tissue and giant cells 
are absent (Fig. 6), On the other hand, bacteria are often seen, lying either free 
or intraceUularly in the follicle. These will be decribed in the next paper of the 
series. We should state here, however, that Bactcruun granulosis or siviiae was 
not recovered from the affected tissues. 

The cellular infiltration in the case of follicles that are in a relatively earlier 
stage of development is predominantly lymphocytic, although monoc 3 '’tes, primi- 
tive connective tissue cells and a few clasmatocy tes are also visible; but encapsula- 
tion is not evident (Fig. 7). 

Diet as a Causal Factor 

In view of the fact that dietary insufficiency has been advanced as 
the causal factor of conjunctival folliculosis (7), an attempt was made 
to find whether an insufficient diet would cause the rabbit disease. 

Nine rabbits having smooth conjunctivae and in an apparenti}’’ healtlw condi- 
tion were quarantined. One or all of the conjunctivae were scarified once at tlie 
beginning of the test and then the animals were placed on a diet limited solely to 
oats. They rapidl}’* became thin, the average loss of weight after 34 da 3 ''s being 
483.3 gm. from an initial average weight of 2039 gm. None developed follicular 
conjunctivitis. 

Restriction of the diet to oats did not give rise to folliculosis. Tests 
now to be described indicate that the disease can be conveyed from 
rabbit to rabbit by contact or by inoculation of folliculosis tissues. 
This being so, it is difficult to assume that the rabbit disease is telluric 
in origin (6) or that it is an expression of generalized adenoidism (8). 

Transmission Experiments 

(a) By Inoculation of Affected Tissues , — The entire affected conjunctivae of 
anesthetized rabbits having spontaneous folliculosis were removed and ground in 
a mortar with 0.9 per cent sodium cliloride solution, in proportion of 1 cc. of the 
solution to four conjunctivae; the resulting tissue suspension was injected into tlie 
left lower conjunctiva and was also applied to the scarified conjunctivae of normal 
rabbits. In general, the methods used followed those of Noguchi (9) in his studies 
on trachoma. 

P or 3 or 4 days after receiving the affected tissue, the conjunctiva of the rabbit 
shows the acute, irritative effects of the inoculation and scarification; namely, 
congestion, edema and roughening of the membranes. This acute condition sub- 
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(c) By Contact. Two stock rabbits sliowing spontaneous diffuse folliculosis 
were placed in tlie same cage with two rabbits liaving smooth conjunctivae. After 
IS daj's, both of the latter showed characteristic Type II folliculosis. As controls, 
three animals with clear conjunctivae were caged together; during 5 weeks’ obser- 
vation none was affected. The tests were repeated with the same outcome. The 
e.vtension of the disease from the inoculated conjunctivae to the iininoculated 
membranes in other experiments, as already mentioned, is another e.xample of 
contact infection, autogenous in origin. 

The conjunctival folliculosis occurring spontaneously in rabbits is 
manifestly an infectious disease. It is not only transmissible by means 
of inoculation or even instillation of a suspension of the affected tissues, 
but it is also contagious: animals with smooth conjunctivae acquire 
the infection when merel}'’ caged with folliculosis rabbits. 

The fact that the disease can be spread by contact emphasizes the 
necessity for rigid precautions during experimental work. For this 
reason, as well as because of the widespread distribution of the disease 
in nature, the choice of animals for such work is difficult. The best 
material is provided b}'’ the 2 or 3 month old litters of does free from 
conjmictival affections in that they are least likely to have the spon- 
taneous disease. Animals are kept, as a rule, from 3 to 5 weeks in 
strict isolation and quarantine before use. Li spite of these precau- 
tions, five of 204 animals developed localized follicular conjunctivitis 
during the early stages of quarantine. 

Control Experiments . — The following control experiments would 
seem to indicate that rabbit folliculosis and the induced disease are 
a clinical entity resulting from a specific infectious agent. 

In fourteen anesthetized animals the palpebral conjunctivae were merely 
scarified; in nine, the membrane was scarified and normal rabbit conjunctival 
tissue applied to it; and in nine, subconjunctival inoculation of similar material 
was made in addition to its application to the scarified tissue. None of these 32 
rabbits developed folliculosis. 

Twenty-eight animals were inoculated subconjunctivally with various bacteria 
encountered in cultures of conjunctival tissue obtained from monkeys or rabbits 
with or without folliculosis; and in addition, fourteen with cultures of either 
Bacterium granulosis or Bacterium simiae and seven vutli suspensions of steri e 
leptospira medium. Characteristic lesions were not produced in any of these 
animals. 

Six rabbits received suspensions of human trachomatous tissues with negative 
results. 
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It can be said, therefore, that the infectious element does not, as a 
rule, pass through Seitz filters which retain Scrraiia marccsccns, or 
tlurough Berkefeld V filters which are pervious to tliis organism. 

Absence of Inclusion Bodies . — In view of the fact that filtrability 
by itself is not always an indicator of the character of an ultramicro- 
scopic virus (10), we e.xtended the study to include an examination of 
stained film preparations and sections of tissue from foUiculosis cases, 
for the peculiar cytotropic effects wliich are characteristic of the ac- 
tion of many viruses (11). 

Twenty-two rabbits showing fully developed foUiculosis in early and late stages 
were examined b)*^ means of Giemsa-stained film preparations of foUicular material. 
Two to four such slides were made from each rabbit and the microscopic examina- 
tion included the contents of the entire film. In addition, sections of affected 
tissues removed from over 25 animals and stained with eosin and methjdene blue or 
b}'- the Giemsa'method were studied microscopicaUj'. We could not find in these 
film preparations or tissue sections, either intra- or extranuclear inclusion bodies 
which might be referable to the action of an ultramicroscopic virus. Nor were the 
primary cellular changes caused b.v various viruses observed. 

The evidence as given indicates that an ultramicroscopic virus is 
not the cause of the disease. 

CONCLUSIONS 

Spontaneous conjunctival foUiculosis is -widespread among various 
species of rabbits. It exists in two forms: Tj^e I, in which the 
lesions are localized and the disease is relatively inactive, and Type II, 
in which the foUicles are closely distributed over the entire surface of 
the conjunctivae and the affection is more active and characterized by 
extensive inflammatory reactions. One t)TDe can be converted into 
the other either by experimental methods or by natural processes. 

The disease can be transmitted from rabbit to rabbit by means of 
subconjimctival inoculation of suspensions of the affected tissues or 
by instillation of such material into the conjunctival sac, or even by 
mere contact of foUiculosis animals with rabbits having smooth con- 
junctivae. It is plain that the. disease is an infection. 

The causal agent of the infection is not filtrable tlirough Seitz discs 
that retain Scrraiia marcescens nor through Berkefeld V candles that 
permit the passage of this organism. Furthermore, the lesions of the 
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spontaneous or of the experimental disease do not exhibit the cyto- 
tropic effects or the inclusion bodies suggestive of the action of an 
ultramicroscopic \irus. They are characterized, on the other hand, 
by a persistent and progressive chronicity and show certain re- 
semblances to the granulomata. 

The evidence suggests that the spontaneous conjunctival foUiculosis 
of rabbits is due to a microorganism — one ha\dng a low grade patho- 
genic action. In a paper shortly to be published, a bacterium cap- 
able of reproducing foUiculosis in normal rabbits wiU be described. 
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KXPL.\X.^TIOX OF PL.\TES 

.\11 sections arc stained with hematQr>*Un and costn, except Fig. 4 which is 
stainc<l with cosin and methylene blue. 

4 

1. Eye of stock rabbit hadng fully developed diffuse conjunctiva! follicu- 
lods (ly]K' II). The upper lid shows the velvety appearance of the conjuncti\-a, 
av;or.ialc<l with numerous follicles. .Xaluml siic, 

I- JO. 2. Same rabbit, lower hd. Granulations diflusdy scattered over the en- 
tire conjunctival surface. Xalural sire. 

bio, 2 o. Same as big, 2, in another rabbit. 

b'in, 3. Localireii conjunctival follioilosis rPyjK I) in a stock rabbit. Tr.c 
sobtarA' follicle is (o l>c notcil. lire remainder of the conjuncti\*a was practically 
normal fa.s shown in Fi;:. 4). X 122. 
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Fig. 4. Same as Fig, 3. The conjuncUva is normal in the portion free from 
follicles. X 122. 

Fig. 5. Rabbit conjunctiva, inoculated with affected tissue, showing diffuse 
folliculosis T 3 ^pe II. There is a marked follicular reaction with widespread inflam- 
matory changes. X 122. 

Plate 5 

Fig. 6. Same specimen as Fig. 5. A higher magnification of the follicular 
structure whicli consists of light staining clasmatocytes, some lymphocytes and 
plasma cells. A fine fibrous capsule can be seen to be limiting the follicle. X 300. 

Fig. 7. A follicle in its earlier stages of development; T 3 "pe I folliculosis. One 
sees monocNdic infiltration with l 3 miphocytic accumulation, at the margin more 
cspeciall 3 \ Fibrous capsule absent. X 300. 
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PROTEUS X-19 AND TYPHUS RICKETTSIA. II 


upon the extraction of carbohydrate materials analogous to those 
obtained from pneumococci and other bacteria. 

Such polysaccharides have been obtained by Przesmycki (2) from the H and 0 
forms of B, protcus X-19, but his OX substances \verc of low precipitating titrc. 
Furth and Lands teincr (3) obtained prccipitable substances from Protcus X-19 
which reacted like the non-protein -prccipitable substance of 7L typhosus and con- 
tained a large proportion of carboh 3 ’dratcs. Lim and Kurotchkin (4), b}’ repeated 
alcohol precipitations from alkaline extracts of Protcus X-19, prepared substances 
which gave specific precipitation and complement fixation when treated with 
human t\^phus serum. 


Methods 

In preparing our own extracts we used two methods as follows: 

1. To a 5 per cent solution of antiformin a thick suspension of organisms from 
solid culture media was added, and after shaking for 30 minutes, glacial acetic 
acid was added until a heav}’- precipitate formed. After centrifugation tlie super- 
natant fluid was diah’^zed and concentrated to one-eighth its volume at 60° to 70°C. 
The concentrate was then centrifugalized and the supernatant fluid precipitated 
in the cold with alcohol and then treated witli ammonium sulfate, by metliods 
analogous to those used by Aver}’ and Heidelberger (5) for tlie production of 
pneumococcus polysaccharides. 

2. 8 day broth cultures of Protcus X-19 were concentrated to one-tentli tlieir 
volumes. The concentrate was precipitated with one volume of alcohol which 
after 1 hour standing, brought down impurities and left tlie antigenic fractions in 
the supernatant fluid. To this fluid, alcohol was added. After 24 hours in tlie 
cold, a precipitate formed which was tlien purified by fractional alcohol 
precipitations. 

The materials obtained by the antiformin treatment were lower in 
nitrogen content (7 per cent) than were those obtained by the broth 
method. All preparations gave powerful Molisch reactions. 

The X-19 soluble specific substance is heat-stable and withstands 
boiling in acid as well as in moderate alkaline reaction; but alkali, 
even at room temperature, seems to cause deterioration of the product 
on long standing. 

The X-19 extracts when tested with Proteus X-19 antiserum gave 
precipitations in dilutions of one to five million. Such extracts give 
definite precipitations ^^^th t3^phus convalescent serum as well as wtli 
the serum of a horse treated by intravenous injections of formalinized 
Mexican Rickettsiae. 
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TABLE I 

Precipitation of Proteus X-19 and Typhus Sera with X-19 and Rickettsia Soluble 

Substances 


Sera* 

X-19 c.x tract 

Rickellsia 

extract 

kiiii-Protcus X-19 

+++ 

+++ 

Normal Rabbit 1 

Normal Rabbit 2 



Normal Rabbit 3 



Normal Rabbit 4 



Mexican human Typhus IV j 

++ 

++ 

++ 

Mexican human Typhus Vlt 

++ 

Normal Human If 

Normal Human 2f 



Normal Human 3t 

_ 






* Sera were centrifugalized at high speed and diluted 50 per cent in saline, 
t This serum was preserved in 0.25 per cent carbolic acid. 


TABLE II 

Absorption of X~19 Antiserum by X-19 SSS 


Agglutinations with B. proicus'K.A9 


Serum dilutions 

1/40 

1/80 ; 

1/160 

1/320 




Absorbed serum 

Non-absorbed serum 

+ + H — h 
H — 1 — 1 — h 

++++ 

++++ 





+ 


Precipitations with X-19 SSS (1/600 dilution)* 



1/2 

1/4 

1/8 

1/16 


Absorbed serum 

++++ 

_| — 1 — 1 — y. 

+++ 

+++ 

Non-absorbed serum 


Agglutinations with heated formalinized Mexican Rickettsiae 


Serum dilutions 

1/40 

1/80 

1/160 

1/820 

Absorbed serum 




— 

i - 

Non-absorbed serum 

++ 

+ 

+ . 



* Precipitation tests by the ring method. 
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The experiment given in Table II demonstrates that the Sinii-Proicus 
serum has two antibodies, one which is responsible for the precipita- 
tion of the soluble specific substance of the Proteus X-19 and causes 
^SS^utination of Rickettsiae. The other antibod)', which remains in 
the serum after absorption with X-19 SSS, is still capable of aggluti- 
nating Proteus X-19, but has no effect on Rickettsiae. On the other 
hand, if typhus convalescent human serum, or immime antit)'phus 
serum from a horse is treated with X-19 SSS, the results parallel 
those obtained by the absorption of such sera by Proteus X-19 organ- 
isms, as shown in Table III. 

Finally, to complete the experiments presented in Tables I to III, 
it was considered advisable to determine whether the serum of rabbits 
treated with Proteus X-19, and adsorbed by the extracts obtained from 
Rickettsia bodies would act in a similar manner, but it was not feasible 
to produce Rickettsia- extracts in amounts sufficient for the experiment. 
For this reason, an indirect method of investigation was derised. 
Proteus X-19 antiserum, diluted from 1/4 to 1/20 in different experi- 
ments, was absorbed with Rickettsia bodies, until no more agglutina- 
tion for heated Rickettsiae was detected. Then the absorbed serum 
and dilutions of the control serum, were tested for precipitins with 
X-19 SSS. The results are seen in Table IV. 

This experiment shows that 2 a\t\-Proteus serum absorbed with 
Rickettsia loses its antibodies for the supposedly common SSS factor 
but still contains agglutinins for that part of the Proteus X-19 anti- 
genic complex not represented in the Rickettsia. 

SUMMARY AND CONCLUSIONS 

A soluble specific substance was isolated from Mexican typhus 
Rickettsia which gave, with Proteus X-19 antiserum and typhus human 
serum, the same precipitation reactions as the polysaccharides ex- 
tracted from B. protcus OX- 19. 

The soluble specific substance extracted from Rickettsia and Protcus 
OX-19 is likely to be of a polysaccharide nature owing to the strong 
Molisch reactions obtained Avith such extracts, the heat stability and 
the negative protein reactions (biuret). Since, however, it still con- 
tains 7 per cent nitrogen, this is not certain. 

In the antigenic composition of both Protcus X-19 and typhus 
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capacity of the two substances to change the plane of polarized light. 
The carbohydrate obtained under the condition of acidity differed, 
nevertheless, in two respects from the specific carbohydrate: in 
aqueous solution it failed to precipitate at pH 3.4, the isoelectric point 
of the specific carbohydrate ; it reacted by precipitating with antiserum 
after absorption with the specific carbohydrate. Moreover, the 
capacity to cause precipitation in such an antiserum was removed by 
boiling in dilute alkali. It was observed that tlie material thus treated 
with alkali precipitated at pH 3.4 and was able to react to titre with 
antiserum which contained antibody for the specific carbohydrate. 
Absorption of a specific antiserum with the A carbohydrate removed 
all antibodies precipitating either with itself or. the specific carbo- 
hydrate. These facts led to the suggestion by Pappenheimer and 
Enders that the specific carbohydrate of Heidelberger, Goebel and 
Avery represented a hydrolytic product of the A substance. They 
believed that possibly the A substance more closely approximated the 
specific antigen of Type I pneumococcus as it exists in the living cell. 

During the course of the experiments which are recorded in this 
paper, Avery and Goebel (4) reported tliat by maintaining an acid 
reaction during the preparation, they obtained a specific substance 
from Type I pneumococcus, the precipitating power of which, in the 
presence of an antiseriun absorbed with specific carbohydrate, was 
removed by treatment with alkali. On elementary analysis, the 
material appeared to be identical with the specific carbohydrate. In 
addition they made the significant observation that this carbohydrate 
contained the acetyl group which was not found in the specific carbo- 
hydrate and which was apparently split off upon treatment with 
alkali. In their study of the immunological properties of this material, 
these authors showed that injection of small quantities of the acetyl 
polysaccharide actively immunized mice against an otlaerwise fatal 
dose of virulent pneumococci, while absorption of an antiserum witli 
this carbohydrate appeared to eliminate its protective action in those 
animals — a result not obtained with comparable amounts of the sub- 
stance after treatment with alkali. In the present paper a study of 
certain immunological aspects of the A substance purified according 
to the procedure described by Pappenheimer and Enders (3) is pre- 
sented. 
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Preparation of Antisera, — Three Type I antipneumococcus rabbit sera were 
used. Of these one was prepared by repeated intravenous injection of pneumo- 
coccus suspension in 0.3 per cent formolized saline. Antigens employed in the 
production of the remaining two were suspensions of pneumococcus killed by heat- 
ing at 56° and 60°C, The route of administration was intravenous. 

Straws of Pneumococci, The strain of Type I pneumococcus used in all the 
experiments was of such virulence that 0.00000005 cc. of a 6 hour 0.1 per cent 
dextrose infusion broth culture was uniformly fatal for white mice within 48 hours. 
Virulence was maintained by weekly passage through mice. In a few cases in 
which control of type specificity was required, stock strains of Typo II and III 
pneumococcus were utilized. The virulence of these for mice was of the same 
order as that of the Type I pneumococcus, 

M'lcc, — White mice varying in weight from 15 to 20 gm. were used. 

Technique 

Technique Employed in Phagocytic Experiments, — Ward and Enders (6) have 
described in detail this technique. 

Technique Employed in Bactericidal Experiments, — In the experiments in whicli 
human defibrinated blood was used as a base for testing the antibactericidal action 
of the A carbohydrate against the normal antibod}^ of the serum, the technique 
described by Ward (7) was followed, except tliat 0.25 cc. of defibrinated blood was 
used instead of 0.5 cc. For the study of tlie effect of the substance on tlie bacteri- 
cidal power of immune antibody, a modification of tlie teclinique introduced by 
Robertson and Sia (8) was developed, in which polymorphonuclear leucocytes 
of the rabbit obtained b}'' intrapleural injection of aleuronat, are added to the 
defibrinated blood of the same animal. A normal rabbit of about 2 kilos weight 
is injected into the right pleural cavity with 5 cc. of aleuronat suspension, prepared 
according to the direction of Robertson and Sia. After about 24 hours, 5 cc. of 
1 per cent citrate in saline is injected into the same pleural space and vdthdrawn 
in the same syringe, together with the exudate of leucocytic cells. The suspension 
of cells is then slowly centrifuged for 7 minutes and then washed twice with about 
20 cc. of physiological salt solution. A count of the total white blood cells present 
is made after resuspension in the second volume of saline, before centrifuging. 

A quantity of this suspension is removed which, when mixed witli the desired 
amount of rabbit^s defibrinated blood, will give a count of 10,000 per c. mm. 
This measured volume of suspension is then slowly centrifuged, the supernatant 
removed and the predetermined quantity of defibrinated blood added to the de- 
posit of cells and well mixed with them. The number of leucocytes in the blood- 
leucocyte mixture is then checked. It is usually greater than that found for the 
saline suspension by 1,000 to 2,000 cells per c. mm. due to the presence of 
leucocytes in the defibrinated blood. For satisfactory results, the final white 
blood count of the mixture should not be below 10,000 per c. mm. Counts from 
15,000 to 17,000 do not appear to influence significantly the effectiveness of the 
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tlie smaUest possible volume of diluent. After standing at 37°C. for 1 hour and 
overnight in tlie ice bo.v, the precipitate is removed by centrifuging and the super- 
natant tested with the carbohydrate diluted 1:200 and 1 : 2,000. If any precipi- 
tate is observed tlie absorption is repeated according to the procedure described 
above. 

18 hour 0.1 per cent dextrose infusion broth cultures of Tj'pe I pneumococcus 
were centrifuged and tlie deposit resuspended in a volume of saline equivalent 
to that of the broth removed. The saline suspension was divided into two equal 
portions. To one, sufficient acetic acid was added to give a final concentration 
of n/100. To the other, sodium hydro.xidc was added to give the same concen- 
tration of alkali. The suspensions were then allowed to stand in the Arnold ster- 
ilizer for an hour at 100°C. After neutralizing they were centrifuged. Absorp- 
tion of Pneumococcus Tjqie I antiserum, diluted 1:4, was twice carried out with 
the deposit from 100 cc. of the saline suspension. The mixture of serum and 
organisms stood for 1 hour at 37°C. following eacli absorption. 

EXPERIMENTAL 

A. The Effect of the A Carbohydrate on the Phagocytosis of Type I 
Pneumococcus in Normal Human Blood 

In this experiment, the results of wdiich are presented in Table I, 
the effect of the A carbohydrate and its derivatives on the phagocytic 
power of normal human defibrinated blood was determined. It w^as 
found that the A carbohydrate in a concentration of 1:2,000 prac- 
tically eliminated the opsonic capacity of the blood, w^hereas the sub- 
stance after boiling in n/10 and n/50 sodium hydroxide, or the soluble 
specific substance (SSS I) prepared according to the procedure of 
Heidelberger and his associates in tlie same concentration, reduced 
the count only about two-thirds. It will also be noted that, in the 
case of the A carbohydrate, there is a definite reduction in the count 
in a concentration of 1:512,000 while tlie action of its derivatives 
is not definite in concentrations above 1:8,000. B}’’ this method of 

comparative testing, it appears that the A carbohydrate is at least 
64 times as effective in removing opsonins from normal serum as tlie 
deacetylated polysaccharides. The effect of the A carbohydrate is 
t)Tpe-specific since it has no action on the opsonic titre of the same 
blood in the presence of Type II pneumococcus. These results possess 
an additional interest in tliat they elucidate the findmg of Ward 
and Enders (6) concerning the failure of SSS I to remove completely 
the phagocytic power of normal human blood against Pneumococcus 
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by itself, exhibited only a feeble phagocytic action against Type I 
pneumococcus. The results are summarized in Table II. In the 
same experiment these absorbed sera were titrated for opsonic power 
in a system containing the exudative leucocytes and defibrinated blood 
of a normal rabbit prepared according to the method described for 
preparing this system for use in bactericidal tests. The results were 
entirely comparable to those recorded in Table II. From the data 
recorded therein, it was calculated that tlie immune opsonin was 
reduced in the serum absorbed witli A carbohydrate to about 1.6 per 
cent of its original titre. The deacetylated potysaccliaride was less 
effective in remo\’ing the opsonin of the serum, since after absorption 
from 6.3 to 26 per cent of tlie antibody remained. This difference in 
the percentages of residual antibody after absorption with deacetylated 
polysaccharide depends upon whether the counts denoting the end- 
point of tlie action of the immune serum are taken as a basis for cal- 
culation or those which indicate no diminution in the maximum 
opsonic effect, as compared with the count obtained wdth the un- 
absorbed antiserum. It is necessary to point out here that tlie anti- 
body, although greatly reduced by absorption with the A carbo- 
hydrate, was not completely removed. This fact, we believe, need not 
be explained by assuming the presence in the serum of any quali- 
tatively distinct antibody, but most probably may be attributed to the 
conditions upon which the reaction between antibody and tlie antigen 
in solution depend. In favor of tliis view is the fact that suspensions 
of pneumococcus, boiled in n/100 acetic acid, have been found capable 
of removing even more opSonic antibody than the A carbohydrate. 
That this substance is the antigen involved, but obviously in a some- 
what different physical state, is indicated b}'^ the fact that absorption 
of the serum with organisms boiled in n/100 sodium hydroxide only 
slightly reduces its opsonic titre. Such absorbed serum fails to pre- 
cipitate witli the deacetylated polysaccharide, but reacts to titre with 
the A carbohydrate. 

On the basis of these experiments, it is apparent that the A carbo- 
hydrate is decidedly more effective in reducing both the normal and 
immune opsonin involved in tlie phagocytosis of Type I pneumo- 


coccus. 
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TABLE III 


Type of pneumococcus 

Carbohydrate 

Concentration of 
carbohydrate 

Approximate No. 
pneumococci killed 
by 0.25 cc. blood 

I 

0 

— 

40,000 


SSSI 


40 



1:8,000 

400 



1:32,000 

400 



1:128,000 

40,000 


A 

1:2,000 

0 



1:8,000 

4 



1:32,000 

4 



1:128,000 

40 



1:512,000 

400 

II 

0 


400,000 


A 

1:250 

40,000 


D. The Effect of the A Carbohydrate on the Bactericidal Action of Anti- 
Type I Pneumococcus Rabbit Serum 

The determination of the effect of the A carbohydrate on the bac- 
tericidal action of anti-Type I pneumococcus rabbit serum was carried 
out in two different ways. In one, a suitable dilution of tlie antiserum 
was chosen and held constant while the quantity of A carbohydrate or 
its deacetylated derivative was varied. In the other type of experi- 
ment, the antiserum was absorbed with the A carbohydrate or its 
derivative and serial dilutions of tliese absorbed sera were tested for 
bactericidal power. In both cases a mixture of exudative leucocytes 
and defibrinated blood of the normal rabbit was used as the basis of 
the system. Both methods of testing showed that the A carbohy- 
drate was several times more efficient in impairing the ability of the 
antiserum to promote tlie destruction of the pneumococcus in the 
presence of fresh normal serum and polymorphonuclear leucocytes. 
It is, however, to be emphasized that by the method of absorption it 
was found that in every case a not inconsiderable amount of the anti- 
body involved in the destruction of the organism remained. This 
failure to absorb completely all antibody active in the bactericidal 
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system was expected from the results obtained when similarly ab- 
sorbed serum was tested for residual opsonin and, we are inclined to 
believe, is due to the same cause that wc have previously postulated. 
In discussing these experiments, it is important to note the fact that it 
proved impossible using the constant dilutions of antiserum 1:250 
and 1 : 500 to show any significant eflcct of the dcacetylated car- 
boh 3 ’-drate in tlie highest concentration used {i.c., 1:2,700) on the bac- 
tericidal property of tliese quantities of antiserum whidi, however, were 
definitely impaired by dilution of the A carbohydrate in concentrations 
ranging from 1 : 16,000 and 1 : 32,000. In Table IV tlie results of two 
experiments among several carried out are summarized. Thej’^ sup- 
port the observations already described in showing that tlie A carbo- 
hydrate is about sixteenfold more active in removing antibody tlian 
is the deacetylated polysaccharide. Nevertlieless, it requires approxi- 
mately equal concentrations of antiserum and A carbohydrate before 
complete inhibition of the bactericidal action is obtained. The type 
specificity of the action of the highest concentration of A carboltydrate 
was assured by adding it to Type III pneumococcus, togetlier witli 
diluted anti-Tj’^pe III pneumococcus serum. It exerted no anti- 
bactericidal effect in this system. 

E. The Effect on the Monse-Protecthe Action of Anti-Type I Pneumo- 
coccus Rabbit Scrum Absorbed loith the A Carbohydrate 

Although repeated efforts were made to show that tlie A carbohy- 
drate would remove all protective action for mice from anti-Tj^pe I 
pneumococcus rabbit serum, none were completel}'" successful. From 
the data recorded in Table V, it is clear tliat absorption with tlie A 
carbohydrate markedly reduces the protective titre of the antiserum. 

It is difiicult, because of the small number of animals involved, to 
assess precisely the extent of this reduction, but if one selects the highest 
dilution of serum which protects three out of tliree mice as a basis for 
calculation, it will be found that absorption witli A has lowered the 
titre to 1.5 per cent of its original value, compared with a reduction 
to 6.2 per cent after absorption with the deacetylated compound. 
These figures indicate that tlie A carbohydrate is about four times 
more effective in removing the protective titre of the antiserum. 
Experiments of the same type in which the A carboh}’'drate used for 
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protective action. There can be little doubt that it is the A carbo- 
hydrate present in the pneumococcus upon which the removal of the 
antibody depends. 

This failure to eliminate completely the mouse-protective action of 
an antiserum by addition of the A carbohydrate is not in entire agree- 
ment with the findings of Avery and Goebel (4). In addition to the 
possibility whicli has already been discussed concerning the physical 
state of tlie antigen, the discrepancy may be either in tlie fact that 
tliese authors did not test serum less dilute than 1:10, or tliat they 
employed antipneumococcus horse serum, while we used antipneumo- 
coccus rabbit serum. Powell and his coworkers (9) have shorni that 
heterophile antibody of Forssman, togetlier with very small quan- 
tities of specific pneumococcus antibody, greatly increases the tliera- 
peutic properties of the serum in rabbits. Since the Forssman anti- 
body may be present in antipneumococcus rabbit serum, it is possible 
that its presence in tlie antiserum emplo 3 '-ed might account for this dif- 
ference in results. 

F. The Antigenic Action of the A Carbohydrate 

It has been found that when comparatively large amounts of the 
A carbohydrate are injected into mice no immunity against virulent 
Type I pneumococcus develops. If the quantity of carbohydrate is 
decreased, definite, though limited resistance to infection develops. 
Boiling tlie A carbohydrate in n/10 sodium hydroxide removes com- 
pletely its capacity to function as a complete antigen. Similar 
treatment in n/50 sodium hydroxide appears to only partially destroy 
the antigenic property of the substance. Briefly summarized, the 
experimental findings were as follows: Nine mice were vaccinated by 
three intraperitoneal injections of 0.00025 mg. of the A carbohydrate, 
administered every 3rd day, and infected with 0.5 cc. doses of Pneu- 
mococcus Type I, increasing by tenfold from 1:1,000,000 to 1:10,000 
dilution of brotli culture, on the 6th day after the last dose of the 
carbohydrate. Two only, of the nine mice, died with pneumococci 
in the heart’s blood. These animals had received the largest number 
of organisms. Out of four mice vaccinated in the same manner, with 
equivalent quantities of A boiled in n/50 sodium hydroxide, two 
survived. Of eight animals vaccinated with A boiled in n/10 sodium 
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TABLE VI 


Lot No. of 
mice 

Amount of A 
used for 
vacciiK'ition 

Two mice from each lot injected intraperitoneally with 0.5 cc. culture 
Tncumococcus I diluted 1:1,000,000 

Days after N'accination on which mice were infected 

I 

3 

6 

12 

25 

49 


rij. 







1 

0.00005 

D 24 

D40 

D 98 HB- 

D60 

s 

D36 



D4S 

S 

S 

S 

s 

D60 

2 

0.0005 

D4S 

D40 

D4S 

s 

D 144 

D36 



S 


s 

s 

S 

S 

3 

0.005 

D 48 


D48 

D60 

D 60 

D36 



D 60 

D 48 

S 

S 

s 

S 

4 

0.05 

D48 


D4S 

D36 

s 

D36 



D 48 

D48 

D60 

1 D36 

D 36 

1 D36 


0.5 

D 24 


D24 

D36 

D 36 

D44 



D 48 

D36 

D48 

D36 

D 36 

D44 

Normal mice injected 

D 48 

D36 

D4S 

D36 



intraperitoneally with 







0.5 cc. 1: 

10,000,000 







culture Pneumococ- 







cus I 









D = died; numerals following indicate number of hours after infection in which 
death occurred. S = survived. BfB — = heart’s blood culture negative. In 
all cases not indicated, culture of heart’s blood was positive for pneumococcus. 


G. Elimination of Immunity Induced by Vaccinatdon with the A 

Carbohydrate 

It became of interest to ascertain whether tlie immunity resulting 
from vaccination with the A carbohydrate could be annulled by in- 
jecting that substance just prior to infection with the pneumococcus. 
Five mice were given three injections of 0.00025 mg. intraperitoneally, 
every 3rd day. 9 days after the last injection, three of the mice were 
injected intraperitoneally with 0.5 mg. of the A carbohydrate. After 
an interval of 4i- hours, these animals, together with the two which 
had been vacchiated but had received no immediate preliminary 











1 -, 

Pneum 

^jection, tbelof ^ vras befor/-^/ '^ac- 

before inf! 1 7 datf oae 

^^^^Joped in resnn^^^°° ^PPears to r ‘J^antity of^?,' 

^‘'“ttistered. ”“ “> ®ali dose/7tt P''otec«4t'“^*“« 

ff- r ' oaten?, 

na, pret*u3, 


^■^a„,eer "'“'--OaSSr^^- 

^ouse r* 

lecdic Tk ^^ °P^g atuh bJed f ^octp 

cru J, ^ '^^ood 1 ^“^""cuJin s.-rin bear/ 4 


a=cdr'?V'“P%*?aC'^^^ 

scrn„ ’‘a l>hoi n, “'’'OuJinsjTie ^“otieieaV, - °^<ie. 
'•cno?,’!"''- "'"“O'd. and a!lo?/f‘'‘“2;g « “"*rcu,e 

Pooled sen,^ "c lnjee(e(,_ b,f 'onnn. 4,?,'* “/ecled m,' °* 

'’-4:7'^ "-.-Se? XT'. -•«* T7? ■- 

•‘^cruni ofni' are pr„ d/Ji,/- rn ^-T^I 

o Taw " <*c eX“- .vaa 

. ^laicMvcrr '‘^^occus 7 \ ^csfs ^ ^^0^7 m, 

■•""'«<''Ptete; '.7;0"P>eK.4 «;;«■ 

* -^a?/. 


144 


THE A SUBSTANCE OF PNEUMOCOCCUS TYPE I 


TABLE VII 


Passive Transjer of Proicclivc Substance m Scrum of Mice Vaccinated with the A 

Carbohydrate 


Mouse 

Pooled serum A- 
vaccinated mice 

i 

Pooled scrum nor- 
mal mice 

Dilution of infecting 
dose Pneumococcus 1 
(0.5 cc.) 

Result 


cc, ' 

cc» 



1 


0 * 

1:10,000,000 

s 

2 


0 

1:1,000,000 

s 

3 

0.75 

0 

1:1,000,000 

s 

4 

0.75 

0 

1:1,000,000 

s 

5 

0 


1:1,000,000 

D 

6 

0 


1:1,000,000 

D 

7 

0 

0 

1:10,000,000 

D 


Serum administered intravenously, pneumococcus culture intraperitoneally 


20 hours after serum was given. 


DISCUSSION 

In general the experimental evidence presented shows that the A 
carbohydrate, whicli, on the basis of chemical analysis and biological 
action, is to be identified with the acetyl polysaccharide of Avery and 
Goebel, is distinctly more effective than the deacetylated derivative 
in reducing the efi&ciency of the several immunological systems which 
have been studied. The A carbohydrate, then, closely approaches, if 
indeed it be not identical with the substance developed by Type I 
pneumococcus which enables the organisms to resist the defensive 
mechanisms of the host, in so far as these are type-specific. 

Capable, like the organism itself, of inducing resistance to subse- 
quent infection, as Avery and Goebel have sho\vn for tlie acetyl 
polysaccharide, the A carbohydrate, introduced parenterally into 
mice, arouses a state of active immunity which may appear as early 
as the 3rd day after vaccination. This immunity, closely correlated 
with the quantity of carbohydrate employed— since doses of over 
0.005 mg. fail to protect— is not of great magnitude nor of marked 
duration. It may be completely eliminated by introducing into t e 
body of the vaccinated mouse an appropriate amount of A carbo- 
hydrate shortly before infection. That such resistance is dependent 
upon substances which may appear in the serum has been demon- 
strated by the passive transfer of the immune state to normal mice 
from animals vaccinated with the A carbohydrate. 
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indicate that the difference in reaction capacity of the A carbohydrate 
and the deacetylated product could be explained on the assumption 
tliat onty a single antibody was involved. 

SUMMARY 

1. The A carbohydrate isolated from Type I pneumococcus by 
Pappenheimer and Enders, on the basis of elementary analysis, the 
presence of the acetyl group and its immunological properties, appears 
to be identical with the acetyl polysaccharide described by Avery and 
Goebel. 

2. The A carbohydrate possesses a greater anti-opsonic action than 
either the deacetylated substance obtained by boiling in alkali or the 
soluble specific substance of Type I pneumococcus prepared according 
to the procedure of Heidelberger, Goebel and Avery. The opsonic 
titre of normal human serum is practically eliminated upon the addi- 
tion of the A carbohydrate — an effect not observed vdth equivalent 
amounts of either the deacet 3 dated material or the specific soluble 
substance. In immune serum, the A carbohydrate brings about a 
quantitatively greater reduction in opsonic activity than its deriva- 
tives, but it has not been possible to demonstrate complete inhibition 
of phagocytic action by the method of absorption of antibody. 

3. In a system of normal human serum and leucocytes capable of 
destroying Type I pneumococcus, the bactericidal effect maybe entirely 
removed upon the addition of the A carboh^’^drate. It proved im- 
possible to inactivate the bactericidal action with the deacetylated 
substance in equivalent proportions. In this system, the A carbo- 
hydrate was about 64 times more effective as an antibactericidal agent 
than the deacetylated compound. Essentially similar results were 
obtained in a study of the antibactericidal properties of the A carbo- 
hydrate and the deacetylated derivative in the presence of anti-T 3 ’’pe I 
pneumococcus rabbit serum added to a mixture of exudative leucocytes 
and the defibrinated blood of the rabbit. 

4. The mouse-protective titre of anti-Type I pneumococcus rabbit 
serum is lowered to a greater degree after absorption witli the A 
carbohydrate than it is by similar treatment with the deacetylated 
compound. Absorption with the A carbohj'^drate does not, however, 
completely remove the protective antibody. 
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TUBERCULOUS PLASI^IA AEPECTING PIBROBLASTS 


Tissue Oullurcs.—Tho cells used for testing Uie influence of the plasma were 
so called fibroblasts groum from the testes of adolescent rabbits. Under aseptic 
precautions, the testes were removed from animals immediately post mortem or 
while under full ether anesthesia, cut into small bits, of which four pieces were 
explantcd into a medium consisting of heparinized rabbit plasma and tissue extract. 
They were washed and renourished twice a week with plasma or tissue extract; 
after 10 to 14 days healthy appearing growtlis w’ere divided into four pieces and 
transplanted into similar medium. At the time of an actual experiment each 
transplant was carefully excised from the medium in which it w^as growing, divided 
into four equal sized portions, each of which was placed in a different Carrel cub 
ture flask. Four such transplants from four different original pieces were thus 
placed in similarly marked segments of four dififerent flasks. With this arrange- 
ment the subcultures from tw^o of these stock transplants w^ere used as controls 
and two as the objects for testing the influence of the abnormal environment. 
Under these conditions the factor of var}dng initial growth energy was controlled 
as well as possible, for by identifying each subculture with a distinctive mark each 
of the four could be compared with its fellows having a common source. 

Plasma , — ^Except in one or t^vo instances where serum was emplo 3 Td the fluid 
containing the growth-influencing substances consisted of plasma prepared as 
follows: Blood was allowed to drop from a small incision in the marginal ear vein 
of the rabbit directh^ into tubes containing 0.5 cc. of 0.1 per cent heparin dissolved 
in Ringer’s solution until a total volume of 4 cc. was obtained. The tubes were 
placed immediately in ice, and centrifuged after all of the specimens had been 
collected. The supernatant plasma was pipetted into other tubes and kept cold 
until used in the cultures. 

Tissue Extract , — ^Three different extracts were used, two in preliminary studies 
and the third in the main portion of the work. At first, chick embr^^onic extract 
was tried, but soon proved to be inferior in stimulation of rabbit fibroblasts as 
compared with homologous extracts; moreover, when heterologous extracts were 
used the effect of growtli inhibiting substances was accentuated. Rabbit splenic 
extract was more satisfactory, but was much more costlj^ than rabbit embryonic 
extract, since larger amounts of tlie latter could be obtained from one animal. 

16 day rabbit embryos were separated from the placentae and membranes, 'weighed 
and passed through a Fischer embr^mnic tissue crusher, then mixed with enough 
Tyrode’fe solution to make a 25 per cent suspension. This w'as centrifuged and 
the supernatant turbid fluid used as the plasma-coagulating reagent. Unless 
this extract were to be emplo 3 ^ed within a few da 3 ''s it was preserved in a frozen 
state, for in this condition it appeared to retain its activit 3 ^ for weeks. 

In most of the actual experiments the cultures were set up in two phases: solid 
and liquid. After the four selected transplants were placed in the four quadrants 
respectively of a Carrel D or micro flask containing 0.5 cc. of heparinized normal 
rabbit plasma, 0.25 cc. of 25 per cent tissue or embr 3 ^onic extract was added; then 
the flasks were transferred to a warm stage at 37°C. in order to facilitate coagu a 
tion of the plasma. Thus far, tlie en\dronmental conditions of the transplants 
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Comparative Rates of Growth of Fibroblasts in Tuberculous and Normal Plasma 
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TUBERCULOUS PLASMA AFFECTING FIBROBLASTS 



Scrum was used instead of plasma. 
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TUBERCULOUS PLASMA AFPECTING 


FIBROBLASTS 


appearance as tliose grown in normal plasma. The possible sig- 
nificance of tliese observations is considered in the discussion. 



Chart 1. Comparative indices of growth in plasma from rabbits in various 
stages of tuberculosis, 

X^s represent average, and the dots individual observations; the lines indicate 
the variations in a given experiment, 

X in circle indicates Experiment T 79, a, by c, respectively. 

X in square indicates Experiment T 88, a, b, c, respectively. 

X in diamond indicates Experiment T 89, o, b, c, respectivel,v. 
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TUBERCULOUS PLASMA APPECTING PIBROBLASTS 


tamed very early and relatively late in tuberculosis are still brought 
out in these two sets. In Experiment T 89 the plasma obtained 1 
week later from the same rabbits and tested on a new stock of vig- 
orously growing fibroblasts gave results more in keeping witli the 
general rule; here the index with plasma from rabbits suffering from 
tuberculosis for 6 months was well above 1. 

The question naturally arose as to whetlier the poorer growth in an 
environment of tuberculous plasma was the result of an increase in 
inhibitory substances or a diminution in growth-stimulating factors. 
The fact that, as a rule, the early periods of the tuberculosis occurred 


TABLE II 

Comparative Rates of Grmuth of Fibroblasts it: Plasma and Scrum of Tuberculous 

Rabbits 


Experi- 
ment No. 

Medium 


Day 

2 

3 

4 

5 

6 

7 

8 

T66.%- 

Tb plasma 

Increment 

1.2 

3.6 


S.6 

16.7 


32.0 


Tb serum 

« 1 

1.1 

4.8 


18.0 

38.0 


66.0 



_ . Flasfna 
Ra/io 

1.1 

0.75 


0.4S 

0.44 


0.49 



Sen/m 

! 





1 



T67x- 

Tb plasma 

Increment 

0.5S 


2.3 

5.0 


11.0 



Tb serum 


1.5 


S.3 

16.7 


40.0 




Plasma 

Ratio 

0.39 


O.ZS 

0.3 


0.28 




Scrum 










during the youth of the animals while the late periods represented 
maturity suggested that inhibitory substances were responsible for 
depression of growth; because it is well known that growth-inhibitory 
substances increase pari passu- with age (2). Additional evidence 
pointing in the same direction was furnished by comparing tlie action 
of plasma and serum obtained at the same period from tuberculous 

animals. The increments in growth and tlie indices of ggj-ujn 

' shoivn in Table II. It is obvious that there were more growth-inhibi- 
tory factors in tuberculous plasma than in tuberculous serum. Parallel 
experiments with normal plasma and serum also showed that the 
former was much more inhibitory than the latter. Unfortunately, 
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TUBERCULOUS PLASMA APFECTING FIBROBLASTS 


T]ie question naturally arises as to the correlation between the 
clinical course of the disease and the factors in the plasma that were 
observed to exert an influence on the growth of fibroblasts in vitro. 
Serum from cachectic animals is known to contain growth-inhibiting 
substances; but sucli elements can hardly be invoked here, because 
the rabbits continued to gain weight during the first few montlis 
following inoculation. True, this gain was not so great as that of 
their normal litter mates; but, in general, the tuberculous animals 
appeared to be fairly healthy during this period, and only became 
cachectic towards the end of their life. 

A more probable e.xplanation of the depressing influence of fibro- 
blastic growth observed witli plasma in the earlier period of tuber- 
culosis is the presence of an excess of lipoids in these plasmas. This 
was very marked in the 3rd week, and diminished thereafter. Baker 
and Carrel (4) have shoum that the lipoids of serum are the cliief 
growth-depressing components of that fluid; and that tlie increased 
growth-inhibiting factors that accompany senescence are associated 
with an increase of serum lipoids. In our experiments tliere was no 
obvious relation between intensity of macroscopic lipoidemia and 
degree of inhibition. No attempt was made to determine tlie nature 
of these lipoids, so one can merely make conjectures concerning their 
origin. They may have arisen from the diseased tissues, or from the 
disintegrating tubercle bacilli, or from a combination of botli. Other 
toxic substances may have carried the inhibiting factor, for it is easy 
to understand how poisons might be released from both pathological 
tissues and bacterial cells. 

The two phases of the influence of plasma on fibroblastic growth 
may also be compared with the usual course in the blood picture m 
tuberculous rabbits (Thomas (3)) . In the first 2 months there is a 
leucopenia involving all elements except the monocytes. This is 
followed by a leucocytosis cliaracterized by a distinct increase in both 
monocytes and polymorphonuclears. Carrel (5) has designated tlie 
leucocytes as the trephocytes of fibroblasts, because growth-stimulat 
ing substances can be demonstrated in tliem. In our experiments 
growth-inhibitory factors were present in the plasma during the 
period of leucopenia, and growth-stimulating substances during tlie 
stage of distinct leucocytosis. It is, of course, impossible to state 
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PATE OF BCG AND CHANGES IN BABBIT ORGANS 


Material and Methods 

The writer (6) has reported on the fate of a strain of BCG that was fatal to a 
certain percentage of rabbits. Since the ovcnvhclming majorit}^ of studies have 
demonstrated that the BCG does not cause fatal tuberculosis, another strain, 
serial No. 376, was brought to this laboratory in 1928 by Dr. S. Mudd directly 
from the Pasteur Institute in Paris, This strain has been propagated according to 
Calmette’s directions by monthty transplants on veal-glycerol-potato medium, 
with ever}’' ninth and tenth transplant cultured on bile-glycerol-potato medium. 
Up to tliis time this BCG has caused no progressive tuberculosis in any of the 
large numbers of guinea pigs and rabbits into which it has been inoculated. 

Three series, each consisting of 12 rabbits, were inoculated intravenously with 
1.0 mg. of this strain of BCG. 1 and 3 days, and 1, 2, 4 and 8 weeks following 
inoculation, 2 rabbits of each series \vere killed; w'eighed amounts of ground lung, 
liver, spleen, kidney and bone marrow in various dilutions, and a measured quan- 
tity of blood from the heart, were seeded on egg media, directly and after treat- 
ment (7) with 6 per cent sulfuric acid. In Series II and III, weighed amounts of 
ground tracheobronchial and mesenteric lymph nodes, and in Series I, bile from 
the gall bladder, were also seeded in a similar manner. 

Another group of rabbits were inoculated intravenously with 1.0 mg. and 
placed in a separate room apart from possible tuberculous contagion and kept there 
as long as 14 months. At the end of this time some of these w’ere killed and cul- 
tures were made from the organs and lymph nodes. 

In preliminary experiments difficulty was encountered in obtaining consistent 
colony counts of the BCG on the egg media hitherto used. Ninni (3) and others 
are of the opinion that there is no suitable medium for the cultivation of the BCG 
from the body. However it had been noted in previous studies with more virulent 
bacilli that the colonies that grew on egg media planted with infected bone marrow 
were more luxuriant than those planted wdth other infected tissue. Brown (8) 
also found that the addition of bone marrow infusion to Dorset’s medium gave 
unusually good primary bovine type cultures. Accordingly the number of col- 
onies obtained from seeding a given amount of infected tissue on Dorset’s, Petroff s 
and Lowenstein’s media were compared with that obtained on Lowenstein s 
medium in which bone marrow infusion replaced the distilled water required b}’' the 
formula (9). It \vas found that from 100 to 200 per cent more colonies of BCG, 
and of virulent bovine and human t}Tpe tubercle bacilli developed on the modified 
Lowenstein’s medium. Therefore this medium, wdth malachite green substituted 
for Congo red in 0.034 per cent concentration to suppress contaminants, \vas used 
exclusively in this study. 

The number of colonies on the surface of each tube from the various dilutions 
of the different organs ^Yas repeatedly determined; the final reading was made 
after 3 months’ incubation. The tissue immediately adjacent to that cultured 
was studied microscopically after staining with hematoxylin and eosin, and wit 
carbolfuchsin to show" tubercle bacilli. 
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FATE OF BCG AND CHANGES IN RABBIT ORGANS 


charted represents tlie average number of colonies obtained from 10 
mg. of a given organ or tissue of 2 rabbits inoculated at tlie same time 
witli the same suspension of BCG. It will be noted that widely 
differing numbers of colonies were cultured 24 liours after inoculation 
from tlie same organs in the tliree series. Thus in Series I, the pri- 
mary deposition in the liver and spleen ranged between 3,000 and 5,000, 
in Series II, between 1,400 and 1,500, and in Series III between 700 
and 900. Similar relations obtained in tlie blood and otlier organs. 
Thus 27 colonies were isolated from tlie blood in Series I, 5 in Series 
II and 2 in Series III. This difference may be accounted for in part 
by differences in the amount of moisture contained in the bacillar}’’ 
masses weighed out for eacli series. 

The number of bacilli inoculated as indicated by the number of 
colonies cultured from the various organs after 24 hours influenced 
the subsequent fate of tlie bacilli and tlie course of tlie associated 
clianges in the body. Witli tlie largest primar}'^ deposition, hi Series 
I (Text-fig. 1), multiplication was apparent on tlie 3rd day in the lung 
and liver and to a very slight extent in tlie spleen. By tlie end of the 
1st week tliere was a marked reduction in tlie number of bacilli in tlie 
lung and liver, while tliey remained in about tlie same numbers in tlie 
spleen. By tlie 2nd week the destruction of tlie bacilli was far ad- 
vanced in the former organs and had definitel}'^ started hi the latter. 
By the 4th week only small numbers of colonies remained hi tlie lung 
and liver, and tlie destruction in tlie spleen was conspicuous, although 
still lagging. At the end of 2 montlis tlie bacilli had disappeared com- 
pletely from all tlie organs, with tlie exception of a rare colony isolated 
from the kidney. 

In Series II (Text-fig. 2), where tliere was a smaller primary de- 
position of the bacilli tlian in Series I, growtli continued 1 1 days longer 
hi the lung and spleen and destruction in tlie liver began a week later. 
However, again by tlie 4th week destruction of the bacilli was largely 
complete in all the organs. 

In Series III (TexA-fig. 3), where tlie original deposition of bacilli 
was smallest, no preliminary growtli at all took place in tlie lung and 
liver, but destruction began at once, altliough even in tliis series con- 
spicuous multiplication occurred in tlie traclieobroncliial and^ mes- 
enteric lymph nodes, and the bacilli persisted in large numbers in the 
spleen. The}’’ were largely destroyed by tlie 4tli week. 
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Text-Fig. 3. Fate of BCG in the organs of rabbits. Series III. 
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FATE OF BCG AND CHANGES IN RABBIT ORGANS 


tion cannot be applied to the mesenteric lymph nodes, for tlie in- 
testinal tract was spared entirely by the infection studied. Moreover 
tlie growth and persistence of the bacilli in the spleen cannot be 
attributed to their segregation and accumulation in this organ from 
other sources, for the blood stream was always sterile a few days after 
inoculation. Furtlier evidence was obtained in a study of another 
series of rabbits also inoculated intravenously with tlie same quantity 
of tlie same strain of BCG. In these animals tlie same observ'^ations 
were made with tlie axillary lymph nodes, in whicli there is practically 
no possibility of draining bacilli from other organs. 

In previous studies (6, 10, 13), the special position of tlie lung and 
kidney in regard to immunity developing against a virulent infection 
has been emphasized. Nevertheless local immunity was not in- 
ferred, because it was felt that the multiplication or accumulation of 
bacilli in tliese organs when the}'- were being effectively destroyed in 
the liver, spleen and bone marrow, might be ascribable to some other 
cause. Ill the lung and kidney spread through tubules was obviously 
one important factor. In tlie lymph nodes, however, this factor also 
is not operative. 

Thus it appears that definite evidence in support of the conception 
of local immunity is available in the persistence of tlie BCG in the 
spleen and their growth in tlie lymph nodes ivhen tliey are being 
effectively checked in other organs. In Series I and II it is apparent 
that this local immunity is acquired, for at first the bacilli multiply 
in these organs; later these organs acquire a resistance that destroys 
the bacilli. For a time the acquired immunity in the lymph nodes and 
spleen is distinctly less effective than in the otlier organs. By tlie 
4tli week, however, concurrently with the development of marked 
liypersensitiveness to tuberculin, the bacilli are destroyed almost com- 
pletely even in the lymph nodes, altliougli isolated living BCG persist 
in tlie lymph nodes as late as 14 months after inoculation. 

The Eistological Changes 

WUh Multiplication and Destruction— The tissue responses to tlie 
BCG differ in no qualitative way from those incited by bacilli of human 
or bovine type. The differences, largely of degree, are determined by 
the limited multiplication and subsequently rapid destruction of tlie less 



V the ^ 

of f JL ^ ^ore n,- T 

Ca;^„.. ^ore 


TeS^l^^^te (J2) "^^^tipUcar 

“«cfer2>-c./ tie - 


aodies 


•e^;-:r a;^ 

,„ ^Jti Bp ' °- Scbjn,- ^ Siaot ce/, ^^'eaouw, - ^^fc/e ba^-/,- 
ff>» . ' (i».- ■P°/>’3iinr^j. ^°^aoa,v *. , ^u/dp-, . -fe^Pc.^j 


°^^c/esb3. 








.'°^ Of;^ 
, PO/v 


'°«uc/ea 

^^tpoao;.: 






ccnip^ V' '■‘^■sc/s ' ^°‘o!i!es ,. ^sd j. r 

■'"•■•. « „:? ■’• ... J'^J =cf<,.? >o.„.,l’»»n...., 


? '» "«■ „ "" p.%; •* r”.°""««; T”™”' 

. "‘‘>crrl-. fie ;... ^''co.'f^r- '^^'oa.V. , ‘^c;> ,.„ . -^ •••e.-,. 





172 
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dears, many of wliidi were necrotic* This acute inflammation was simultaneous 
with the development of Iiypcrsensitivity to tuberculin. Only 30 colonies were 
recovered from the lung of Rabbit 13>0S (Fig. 4), In the tracheobronchial lymph 
nodes tlie first stages of caseation were apparent. 

In Series III, in which, as was noted above, destruction of the bacilli was far 
advanced in 2 weeks, the changes in the lung were essentially those seen in Scries I 
at this interval, and caseous foci were found in the tracheobronchial lymph nodes, 
as in Rabbit 19-88 (Fig. 10). 

In contrast to the changes in Series I at this time was the reaction in Scries 
II, in which, as was noted above, multiplication continued to the 2nd week after 
inoculation. In the lungs, for c.xample in Rabbit 20-95, there were numerous 
nodules composed of large mononuclear cells, many of which were in mitosis. 
Many of the nodules were situated about small blood vessels. On either side of 
tlie elastic membrane of some of these vessels there was a large accumulation of 
mononudears. These pushed the endothelial lining ahead of them and encroached 
upon the lumen of the vessel. In some of the nodules were seen young epithelioid 
cdls. Mature epithelioid cells were infrequent. There was no exudation into the 
alveoli (Figs. 5 and 6). No caseation was noted in the tradieobronchial lymph 
nodes (Fig. 9). This was tlie height of multiplication of the bacilli in the lungs 
of this series; 960 colonies were isolated from the lung described. However when 
the bacilli in Series II had been destroyed, 4 weeks after inoculation, tliere was a 
widespread tuberculosis with exudation into the alveoli. 

Essentially the same correlation was found in the otlicr organs. Thus in 
Rabbit 20-94 of Series II, 1 week after inoculation 11,360 colonies were isolated 
from the spleen, but except for frequent mitotic figures both in the hypertrophied 
corpuscles and in the pulp, and collections of large mononuclears in the latter, 
there was no indication of an}^ tubercle formation (Fig. 7). However by tlie 4th 
week after inoculation, when onl}’’ 1 colony was isolated from 10 mg. of tlie spleen 
of Rabbit 44 of the same series, the pulp was largel}^ replaced b}^ large epitlielioid 
and giant cell tubercles (Fig. S). 

Regressive Changes . — All tliese clianges, which at times are extensive, 
regress and by the end of the 2nd montli have largely disappeared. 
This is brought about by the process of resolution (Fig. 11). 

The epithelioid cells become higlil}^ vacuolated; the}'* coalesce until onl}’' shreds 
of the cytoplasm remain, although the nucleus retains its viability. 2 mon s 
after injection there is almost complete restiiiitio ad iniegrum. Only about e 
blood vessels in the lung and in the portal canals are found collars of large mono 
nuclears (Fig. 12), or there ma}’' be found rare coUections of epithelioid cells un er 
going regressive changes. 

There is a complete correlation between the histological clianges 
and the fate of the bacilli as indicated by the number of colonies 
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FATE OF BCG AND CHANGES IN BABBIT ORGANS 


sitiveness is sufficiently developed too few bacilli remain in tlie lung 
and liver to exercise in a sufficient degree tlieir newly enhanced toxic 
effect on the tissues, but in the lymph nodes, where enough bacilli 
remain even after development of hypersensitiveness, there is not 
only death of the invading polymorphonuclears but also necrosis of 
the epitlielioid cells and caseation. 

Caseation and tuberculin sensitivity thus bear the same relation 
to the course of tlie disease. As the disease progresses tuberculin has 
a more toxic effect and at the same time the presence of relatively small 
quantities of bacilli in the tissues is associated with caseation. In 
an earlier stage of the disease much larger numbers of bacilli do not 
injure the tissues, and the same or a larger quantity of tuberculin 
does not cause inflammation. 

It is evident, therefore, that the BCG produces the same histo- 
logical changes in the tissues that more virulent tubercle bacilli do. 
The differences are due to the restricted multiplication and more rapid 
and complete destruction of the BCG, associated with the limited 
development of mononuclear infiltrations, their rapid transformation 
into epithelioid tubercles and their subsequent complete resolution. 
Only one phenomenon observed in \drulent infection is lacking with 
the BCG; that is, caseation does not go on to softening. 

Caseation, whiclr, it has often been asserted, does not develop with 
the BCG, was regularly found in the lymph nodes, where the bacilli 
persist the longest. Softening, as is well kno'wn, develops only during 
a protracted course of a virulent infection. Since the BCG all but 
completely disappeared from the body in 2 months and the patho- 
logical changes, including the caseation that they had induced, com- 
pletely resolved, it is obvious that softening could not take place. 

The Persisting Bacilli; Disposal of the BCG 

It has been seen that in the mesenteric and traclieobronchial lymph 
nodes and occasionally in the spleen and kidney isolated bacilli were 
cultured even 14 months after inoculation. At this time the organs 
were entirely normal in their histological structure. It was found, 
moreover, that after their long sojourn in the body, the BCG recovere 
from these organs had acquired no increase of virulence for rabbits. 

Destruction of the BCG appears to occur in situ. Certain ob 
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e ymp 1 nodes occur simultaneously and are synclironous mUx the 
development of hypersensitiveness to tuberculin. At tliis time tlie 
presence m tlie tissues of numbers of bacilli that previously were 
innocuous to the cells is associated with caseation. It is noteworthy 
that both caseation and the tuberculin reaction are not elicited in an 
ear y stage of the disease, but in a later stage they are induced in 
response to smaller quantities of bacilli or tuberculin. 

All the tuberculous changes, including the caseous foci in the lymph 
nodes usually resolve completely by the end of tlie 2nd month after 
mocu ation without leaving any fibrous scars, although perivascular 
accumulations of mononuclears may still remain. The few bacilli 

t lat persist in the lymph nodes after tliis period cause no tuberculous 
changes. 


CONCLUSIONS 

^ 1 . Under the conditions of experiments in which 1.0 mg. of BCG was 
introduced intravenously into rabbits, tlie BCG multiply in the 
body , but the)'" are soon destroyed, completely in most organs, all but 
completely in the l 3 Tnph nodes. 

2. The remaining BCG persist in the l 3 miph nodes for a long time, 
causing no tuberculous changes, and acquiring no added virulence for 
rabbits. 

3. The BCG produce typically tuberculous clianges, sometimes 
extensive, which resolve completely. They caused caseation, but no 
softening. 

4. Acquired local immunity in tracheobronchial, mesenteric and 
axillary lymph nodes and in the spleen is shown to be less effective 
for a time than that in other organs. 

5. The destruction of bacilli begins with the appearance of skin sen- 
sitivity to tuberculin, and is at its height with maximum sensitivity. 

6. The secondary acute inflammatory reactions in and about tuber- 
culous foci, caseation and hypersensitivity to tuberculin develop 
S3mclironously. 

7. Caseation and tuberculin sensitivity do not occur early in the 
course of the disease in response to considerable amounts of bacilli 
and of tuberculin, but later they are incited by smaller amounts. 
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Fig. 4. Lung of Rabbit 13*08 of Scries I, 2 weeks after inoculation; 30 colonies 
were isolated. Widespread tubercle formation with exudation of fluid and cells 
into the alveoli. XlOO. 


PL/VTE 7 

Fig, 5. Lung of Rabbit 20-95 of vScrics II, 2 weeks after inoculation. The 
bacilli have attained their largest numbers; 960 colonies were isolated. Numerous 
mononuclear nodules are seen. Tlierc is no exudation into tlie alveoli. XlOO. 

Fig, 6. A higher magnification of another portion of the section shown in Fig, 
5. A perivascular nodule vciih a large accumulation of mononuclears on either 
side of tlic elastic membrane. There arc no mature epithelioid cells. To the 
right and above the clastic membrane is a mitotic figure. X200. 

Fig. 7. Spleen of Rabbit 20-94 of Series II, 1 week after inoculation; 11,360 
colonies were isolated. There is no tubercle formation. A mitotic figure can be 
seen in the pulp in the center of tlic photograph. X200. 

Fig. 8. Spleen of Rabbit 44 of Series II, 4 weeks after inoculation; 1 colony was 
isolated. Extensive tubercle formation in the pulp. X200. 

Plate 8 

Fig. 9. Tracheobronchial tymph node of Rabbit 20-95 of Series II, 2 weeks 
after inoculation; 8,360 colonies were isolated. There are islands of 3"oung epithe- 
lioid cells, A mitotic figure can be seen in the upper third of the photograph. 
There is no caseation. X200. 

Fig. 10. Tracheobronchial lymph node of Rabbit 19-88 of Series III, 2 weeks 
after inoculation; 1,020 colonies w^re isolated. Caseation and edema of surround- 
ing epithelioid cells. X200. 

Fig. 11. Liver of Rabbit 30 of Series III, 4 weeks after inoculation. 3 col- 
onies w^ere isolated. A resolving tubercle. X200. 

Fig. 12. Lung of Rabbit 34 of Series III, 2 months after inoculation. No 
tubercle bacilli were cultured. A perivascular collar of mononuclears. X 200. 
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IRRADIATION OF S. AUREUS BACTERIOPHAGE 


and such ratios range from 1:1 (Gildcmeister (3)) and 1.5:1 (Zoeller 
(1)) to 8+: 1 (Gerretsen (2)), after exposure to the entire spectrum. 

But even if the total incident energies had been measured with 
thermopile and galvanometer, and if quantitative methods of estimat- 
ing the percentage destruction of both bacteriophage and bacteria had 
been available (6), such figures would be useless for comparison unless 
the energies involved at single wave-lengtlis were determined. Differ- 
ent wave-lengtlis in tlie ultraviolet have qualitatively and quantita- 
tively very different specific actions on biological materials, depending 
on specific absorption and the resulting photochemical reactions. It 
can hardly be overemphasized that for analytical studies of these re- 
actions monochromatic energy must be used. 

Recently we have been engaged in an extended study of the bac- 
tericidal action of ultraviolet light, using monochromatic radiations 
and measured energies (6). It was thought that these quantitative 
observations on S. aureus and B. coli might serve as a basis of com- 
parison in a more critical examination of the reactions of its specific 
bacteriophage. A quartz monochromator (6), with thermopile and 
galvanometer for energy measurements in absolute units, served to 
bring ultraviolet radiations of known wave-length and incident energy 
to the plane of exposure. But many difficulties were experienced in 
devising a method for a quantitative estimate of inactivation of phage. 
The impossibility of equal, coincident exposure of all the units in a 
fluid medium required the distribution of the bacteriophage on a plane 
surface similar to that of the control bacteria on agar plates. Hence 
the destruction of phage was to be estimated by counting plaques m 
exposed and in tmexposed, control areas rather than by dilution lunits. 

EXPERIMENTAL 

In the earlier experiments phage and bacteria were mixed in suspension, washed 
on to the agar surface, and exposed coincidentally. With suitable concentrations 
of phage and bacteria discrete colonies developed in the control areas and all shon ed 
partial or complete lysis after 18 to 42 hours’ incubation. In the exposed areas 
partial or complete destruction of the bacteria occurred. When many bacteria 
survived and subsequently formed colonies, some showed lysis and some did not, 
indicating partial destruction of the phage also. It was typical to find that vhen 
but a few colonies of S. aureus developed, they were at first apparently free 
phage, and in the early hours of incubation it appeared that the phage was t e 













- *^ac ^ 






.^tribu 


£S’/! Wf to 




a^e h °°«- 

- ' ^^<?Ues. -n. “'®n7v/A ^POUrerf ■‘^^S nU ' ^ <^Onf,^ ■^tisfarf„ 

,!*">■« «■„ >' "O , • ^»« o„;^ «<! »i ' fS <»»Irf ?" ”’■'4 a ...i?*’- 


^■f>rouo^(, .. -'’er on *; tt.. ^r . °^^teri^ - fii(» 


/fc ' '''■ on th. ^ that OF 7 ^ "hereon ,, ^ “'e 

-’tr- '» 


tnaccd. n. Gjo/e , ‘^‘^^i^tFon 't ^^<^ced Ti. surf, hr- 




’ ^oZafccf , P^evioy J (6) 5 £ 


•7>/avc;; ‘;,^rcon, ,1 ^"°<^ncc «TtA J '?"'^‘on. 'u, ^'’nfiab/? 




' fo r. 


::7^^i^n/i;>^'-nVe!;>./^^’^, 77:^' -'^cf j; 


°W(er^ ‘“^'C^tirr,,- 


Ifw.. ***?CS? „.• . ^o. ^ 


» 3^7, 


'■*^"V,o/- 'r' ’^n-': 


'"''i^.'o.. 


^'Ur? 




cr ^<,** ^ ' * ^ 



182 


IRRADIATION OP S. AUREUS BACTERIOPHAGE 


night at 37.5°C. Then the plates were set up in a mechanical stage under a micro- 
scope, and plaques or colonies were counted in definite areas between parallel 
lines and between stops on the mechanical stage. Three control counts in iinex- 
posed areas were alternated witli tlie counts of the two exposed areas on each plate 
and destruction of phage or of bacteria was estimated by comparison. Some 
unevenness of plaque distribution introduced appreciable errors in the control 
counts, which tended to cancel out as the number of observations at each wave- 



Fig. 1. A comparison of the bactericidal action and destruction of bacteriophage 
(S, a^itxtis) at wave-length 266 m^. The curves are each the averages of smoothed 
curves from two experiments and have been extrapolated from 92 per cent and from 
97 per cent respectively to 100 per cent destruction. 

length increased. Relativel}^ smooth curves could tlierefore be drawn tliroiigh 
the points of observation. 

Thus at each wave-lengtli a series of readings was obtained, showing progressive 
inactivation of phage with increasing exposure. At the same time a direct com- 
parison could be made with the effects of similar exposures on S. aureus in bac 
tericidal tests under similar experimental conditions. 

DISCUSSION 

Fig. 1 a shows the bactericidal action and the destruction of phage 
at X 266 m/x in a summary of typical results. The curves arc each 
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IRRADIATION OF S. AUREUS BACTERIOPHAGE 


assemble them on a single chart, but they may be more closely com- 
pared by computing the ratios of the energies involved in partial de- 
struction to those for total (100 per cent) destruction and plotting the 
resulting curves together, as in Fig. 2 <7. Some of the curves are con- 
vex above and some below the average line, indicating that these 
variations are indifferent and due to experimental errors. When the 
curves arc averaged, as in Fig. 2h, the errors appear to cancel out, 
and through most of its course the curv’^e shows a true exponential 



Fig. 3. Curve showing the variation in resistance of 6". aureus to different 
incident energies of ultraviolet radiation. The points are plotted from the data of 
Fig. 2b refigured as a curve of probability. 

relationship of energy to effect. Were the line straight, it would indi- 
cate that no phage was destroyed until 10 per cent of the energy re- 
quired for total destruction had been involved in the reaction. The 
deviation, therefore, points to the presence of less resistant units of 
phage, which are destroyed early. In the bactericidal study of S. 
aiirens (6) a similar deviation at the beginning of the curve of destruc- 
tion was likewise attributed to the early loss of less resistant organisms, 
but could result from the presence of clumps of the bacteria. Expen- 
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state of our knowledge similarities cither to probability curves or to 

at diirfrcnt "" present is a demonstration of the energies 

corresnLrl^^’ comparison of these energy values with those fora 
enera e. n destruction of nnren.. For this purpose the incident 
Der millimeter of exposed agar surface required for 50 

rent nf ivation of phage and for bactericidal action on 50 per 

Fip- 4 from the ounces and are plotted in 

t' 1 ^ niity of the curv'^es is striking and can onl}'^ be due to 
^ essential similarity of the underlying reactions. Stress is laid on 

tiv ^ entity of the curves in shape, rather than on the rela- 

tive energies, in ergs, involved in the two reactions. The energy^ 

^ o tamed in any one series of observations depend on certain 
'perimenta conditions whicli vary in different series of experiments, 

S Gy may be held practically constant over a given period of 
example, we have included in Fig. 4 two curves for 
per cent destruction of 5'. a^/rcus. One was obtained in 1923, the 

0 er IS roin the control data of the present series. We do not know 
w y the incident energies required in 1923 are different from those 

m 1927. But what is essential is the similarity in shape of 
actencidal curves, and the relation to one another of the energies 
req^uired at different wave-lengths. So with the curve for bacterio- 

relative, and not the absolute energy values at 

1 erent wave-lengths, and the similarity in the shape of the cui^^e to 
that for bacterial destruction are its significant features. 

Something of the significance of the bactericidal curves is already 
cnown (8), They are almost the reciprocals of those for the spedfic 
absorption of ultraviolet light by protoplasm, by proteins, by certain 
arnino acids and nucleoproteins (8), and by certain en 2 }Tnes (9). It is 
axiomatic that specific light absorption is fundamental to the reaction 
of such biological materials to ultraviolet light. 

Unfortunately we have no method of correcting the incident 
energies for the destruction of phage by die absorption coefiidents for 
bacteriophage at different wave-lengths, whatever they may be, for 
specific light absorption is masked by the presence in the phage sus- 
pensions of light-absorbing materials from the nutrient brodi and the 
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BACTERIOPHAGE 


nl T"! ""f for the 5 . 

di Tcrlrp‘^""l uniformly liiglicr energy level. This 

the shnn significance than the striking similarity in 

thp Qnm ° energy curv’^es, wliicli indicate that in both instances 
c e organic structures are absorbing the radiations. The results 

ZrlZr f tcjpretations. The most obvious is that the bac- 

tho 1 su imicroscopic organism. Again, it is possible that 

ejiop age is a product of its own lytic action on the homolo- 
s ac erium and contains the essential structural units whicli in 
1 Ric destroyed by ultraviolet' light and thus cause the 

10 le organism. A third, more remote explanation is that tlie 
^ Rge, 0 w 10 ly unknovm nature, is absorbed on S. ajireus material 
intimate a bond that the alteration of this material by irradiation 
renders tlie phage incapable of further lytic acti\aty. 
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fate of bilirubin 


IN SMALL INTESTINE 


MCUlOa 


Thiry (5) loop h^d I'calth}' dogs in whom a modified 

previous to the experiment * Tiiis Johnston (6) some months 

unanesthetized animals. The nnnr 1 1 of^ quantitative studies in 

Avere intact and frequent studies f’fi °° lymphatic supplies of these loops 
that the loops were functioninv i” absorption of glucose indicated 

to introduce a known amount of " ^ ‘constant manner. It was only necessan- 

had elapsed to remove all the ^ 

was recovered The loons remaining and determine the pigment which 

loop which t free rim 1 ' "7^^' ^ 

Before any material was intr^^ri”^^^ • normally found in the intestine, 

cleansed The ma Zti , ^ thoroughly 

escap ng bv i soeihl was prevented from 

was necesl; ifany tte'" 

opemted urn u^'' 'if '' for absorption was 

pface ifo rft " ^-'P™t was to take 

rected -ere introduced into the common duct, one of which was 

this procelri f ''"■ J duodenum. Bv 

inf str free Lf I f • ' thus have the small 

remained the an' ^l"' ^ ^ P'Sment. In order to further insure tliat no pigment 

ixf rf enf 2 days befr^the 

wasruijed^ f e.xperiment began although the dog 

toduffinf rf r """ li-r bile werf 

directed toward tf H enum of tlie animals through the catheter whicli was 
for afer nd f if duodenum. The bile was allowed to remain in the intestine 
tract wTs It) Avnch time the animal was sacrificed. The intestinal 

thin 1 ?r ^"d flushed first with water and 

contents nf th f -askings were immediately anah^zed for bilirubin. The 
anv rePiircrV *^csted for bile pigment in order to ascertain whetlier 

ment wis d! f ^ -d^ place. ^ If regurgitation had occurred the e.xperi- 

erv fmpsn 07 's^ ^ method it was possible to obtain almost total recov- 

Tl KM ' cent) of pigment immediate!}'' after the introduction of the bile, 
intiil sh-nf "!^d was obtained from bile fistula dogs intubated by the double 
to he tK ^ McMaster (7). By this method it was possible 

and fnr f excellent condition since bile was obtained only at intervals 

stiid.Vs ^ i'™® rediverted into tlie duodenum. Daily bacteriological 

studies were made on the bile to ascertain whether it was sterile before being used. 

Bile placed m unsterile containers was labeled as contaminated bile. The infcct- 
h!Ip streptococcus and staphylococcus. When grossly infected 

the I solution Containing colon baciUi uas injected into 

the catheter directed toward the liver. 
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The Estimation of Bile Pigment.— Toe. bilirubin was quantitative!}' determined 
by a modification of the Hooper and \STiipple (8) method. A slightly stronger 
solution of acid-alcohol (0.40 cc. concentrated nitric acid and 6.00 cc. concentated 
hydrochloride in 100 cc. 95 per cent ethyl alcohol) was used for the oxidation of 
the bilirubin. The increase in the acid concentration increased the speed of 
oxidation and this is further enhanced by keeping the solution at 37.5X. instead 
of at room temperature which was the method outlined by Hooper and UTiipple 
(8). Bv thi*; procedure a greenish blue color develops which may then be com- 
pared rrith a standard color solution in a Duboscq colorimeter. The standard 



\\'as prepared by the addition of 0.75 cc. of a 1 per cent potassium dichromatic 
solution to 100 cc. of a 10 per cent copper sulfate solution. This standard vrzs 
found to represent the color developed by 0.1 SI mg. bilirubin per cc. ^^arious 
dilutions of the standard were utilized. 

In the determination of bilirubin by this method, readings were made hourly 
after mixing the specimen of bile and add-alcohol together until a maximum color 
concentration was reached. The maximum color usually developed within 4 
hours. Once this color was reached it remained constant for several hours and 
then the deep greenish blue color diangcd to blue, purple and finally to black. 
Graph 1 indicates the rate of color change as compared with the standard solution. 
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In order to ascertain the experimental error of this method a weighed amount 
of bilirubin (Eastman Kodak Company) was dissolved in a known amount of 
0.05 per cent sodium hj'droxide solution. The concentration of bilirubin per 
cubic centimeter of solution was then calculated. A definite volume of the solu- 
tion was then oxidized until the greenish blue color was reached and colorimetric 
determination made. The error of the method did not exceed 10 per cent. 

RESULTS 

Effect of Intestinal Juice on Bile Pigment in Vitro . — ^Before be- 
ginning tlie experiments on the absorption of bile pigment from the 

TABLE I 


Absorption of Bilirubin from Sterile Bile in Entire Intestinal Tract 

1 Hour's Duration 


Experiment 

No. 

Amount in 

Amount out 

Loss 

1 

1 

cc. 

mg. 

mg. 

mg. 

per cent 

1 

40.00 

42.80 

15.20 

27.60 

64.5 

2 

40.00 

42.80 

15.74 

27.06 

63.2 

3 

40.00 

36.40 

12.87 

14.34 

39.3 

4 

40.00 

25.87 

25.87 

10.53 

28.9 

5 

40.00 

32.00 

18.06 

13.94 

43.6 

6 

40.00 

32.00 

16.09 

15.91 

49.7 

7 

37.00 

13.22 

8.60 

4.61 

34.9 

8 

50.00 

88.00 

56.32 

31.68 

36.0 

9 

50.00 

88.00 

66.72 

21.28 

24.2 

10 

50.00 

i 88.00 

44.79 

43.21 

49.1 

n 

40.00 

51.60 

34.12 

17.48 

33.9 

12 

50.00 

64.50 

27.59 

36.91 

57.2 

Average. . 





43.7 


intestinal loop it seemed important to know whether the intestinal 
juice secreted into the loop had any effect per se upon the bile pigment 
which would prevent good recoveries. 

A known quantity of bile was mixed with some intestinal juice ob- 
tained from the loop. This solution was placed in a large test tube 
and kept at a temperature of 37.5°C. for a period of 2 hours. In one 
instance 1 cc. of the bile used for these studies contained 0.53 mg. 
bilirubin before being mixed with the intestinal juice. After the 2 
hour period 0.53 mg. of bilirubin was recovered. In none of these 







TABLE XL a 

Absorption of Bilirubin from Sterile Bile in Intestinal Loops 


2 Hours Duration 


Exp>eriinciit 
No. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


Amount in 


25.00 

25.00 

25.00 

25.00 

25.00 

25.00 

20.00 

20.00 

20.00 

25.00 

25.00 

25.00 

20.00 

20.00 

15.00 

20.00 

20.00 

18.00 

25.00 

25.00 

25.00 

20.00 

10.00 

25.00 

30.00 

35.00 

30.00 

20.00 

50.00 

50.00 


IKS. 

19.00 

19.00 

19.00 

19.00 

19.00 

19.00 

16.00 

16.00 

16.00 

27.00 

27.00 

27.00 

27.00 

27.00 

12.00 

18.60 

18.60 
31.68 

44.00 

44.00 

44.00 

58.00 
36.30 

90.75 

21.60 
30.63 
29.70 

10.01 

44.75 

44.75 


Amount out 


cc. 

53.00 

39.00 

130.00 

68.00 

76.00 

225.00 

58.00 

40.00 

180.00 

65.00 

58.00 

190.00 

70.00 

185.00 

150.00 

26.00 

50.00 

105.00 

74.00 

36.00 

170.00 

300.00 

200.00 

250.00 

114.00 

155.00 

100.00 

125.00 

95.00 

98.00 


tTlS. 

20.93 

21.25 

18.98 

20.06 
15.65 
18.90 

17.98 
17.20 

15.48 

24.05 

25.24 
28.12 

26.60 

28.49 

13.50 

18.59 

18.75 
29.82 
41.44 

39.60 
36.38 

51.00 
32.40 

96.25 
19.59 
31.11 
26.71 

9.46 

40.61 
38.47 


Loss 


mg. 

+1.93 

+2.25 

0.02 

+1.06 

3.35 

0.10 

+1.98 

+1.20 

0.52 

2.95 

1.76 

+ 1.12 

1,20 

+0.69 

+1.50 

0.01 

+0.15 

1.86 

2.56 

4.40 

7.62 

7.00 
3.90 

+5.50 

2.01 
+0.48 

2.99 

0.55 

4.14 

6.25 


per cent 
+ 10.1 
+11.7 
0.1 

5.5 

17.6 

0.5 

+12.4 

+7.5 

3.3 
10.9 

6.5 
+4.1 

4.3 
+2.5 

+12.5 

0.0 

+0.8 

5.8 

5.8 

10.0 

17.3 

12.0 

10.7 

+6.6 

9.3 
+1.5 

10.0 

5.4 

9.2 

14.0 


table nb 


Absorption of Bitirubin from Sterile Bile in Intestinal Loops 
j H ours Duration 


Eir»ffitucnt 

No. 

i 

Amo! 

Jct in 

Amount out 

Lois 

1 

2 

5 

rc. 

50.00 

30.00 
•10.00 

”t. 

•59 00 
52.20 

SO 00 

cc, 

144.00 
MS. 00 
125 00 

rts. 

46,51 

45,37 

60.04 

3.49 

6. S3 
+4.04 

ter cent 

7.1 

13.0 

+7.2 
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table lie 


Absorption ofSiltruhinfrom Sterile Bile in Intestinal Loops 
-5 Hours Duration 


Experiment 

No. 

Amount in 

Amount out 

Loss 

1 

2 

3 

4 

5 

cc. 

50.00 

50.00 

50.00 

40.00 
40.00 

mg. 

44.00 

44.00 

44.00 

30.20 

30.20 

cc, 

420.00 
90.00 

150.00 

395.00 

107.00 

mf. 

40.99 

47.93 

45.00 

32.19 

31.03 

rr.s:. 

3.01 

+3.93 

+1.00 

+1.99 

+0.S3 

per cent 

6.S 

+S.9 

+2.2 

+6.6 

+2.7 


emr"!? tf " “'■Sam in tiie pigment exceed the experimental 

* f ^ ‘ ^ similar manner the secretion of the entire 

thatw *'= 1“P- Again quan- 

titative recoveries were possible. fa 4 

r«f!r S/crilc Bile When Placed in the Intact Small 

infn fVi ^'a I under methods, sterile bile was introduced 

Hi f unanesthetized dog by means of the common 

c ca leter. This bile remained in the small intestine for 1 hour, 
anima was tlien sacrificed and the entire small intestine removed, 
omac vas also removed and the contents tested qualitatively 
ft. ^^S^^Sitated bile. If a positive test for pigment was obtained 
e experiment was discarded. No bile was ever found in tlie large 

• T' ^ 1 ,^ j ^ ^-nimal was sacrificed 1 hour after the bile was introduced 
mto the duodenum. 


n twelve experiments tlie loss of bilirubin varied from 24.2 per 
n^ to 64.5 per cent. The mean loss of bilirubin for this series was 
/ per cent. In all experiments the amount of fluid removed was 
always less than the amount introduced (Table I). 

Fate of Bilirubin in Sterile Bile When Placed in Intestinal Loops.- 
bterile bile did not show any marked bilirubin loss at the end of 2 
ours after it had been placed in the intestinal loop. In the majority 
bilirubin lost did not exceed the experimental error 
. ^ ^ thought that perhaps sufficient time was not 

allowed for the absorption of pigment in the intestinal loop. Therc- 
ore, eight other experiments were done, this time allowing the bile in 
ree instances to remain in the loop for 3 hours and in five e.xperiments 
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for 5 hours. It can be seen that in the majority of instances tbe loss 
of bile pigment <hd not vary markedly from the error of the method. 

Fate of Bilirubin in Contaminated Bile When Placed in Intestinal 
Loops.— 'in. a similar manner contaminated bile was placed in the 

TABLE in 


Absorption of Biliruhin from Contaminated Bile in Intestinal Loops 
2 Emirs Duration 


Experiment 

No, 

Amount in 

Amount out 

Loss 


cc. 

rr.g. 

cc. 


nr. 

per cerJl 

1 

20.00 

12.00 

222.00 

10.88 

1,12 

9.3 

2 

20.00 

12.00 

95.00 

11.40 

0.60 

5.0 

3 

25.00 

12.00 

125.00 

10.75 

1.25 

10.4 

4 

18.00 

10.80 

160.00 

10.40 

0.40 

3.7 

^ 1 

^ 1 

18.00 

10.80 

90.00 

10.75 

0.05 

0.4 

6 

18.00 

10.80 

89.00 

8.90 

1.90 

15.3 

7 

60.00 

52-68 

200.00 

50-63 

2.05 ' 

3.7 

8 

25.00 

28.50 

218.00 

30.74 

- h2.24 

+ 8.5 

9 

25.00 

28.50 

89.00 

28.30 

0.20 

0.7 

10 * 

35.00 

61-60 

174.00 

60.39 

1.21 

1.9 


* 3 hours. 


TABLE 


Absorption of Bilirubin from Infected Bile vt Intestinal Loops 
1 Hour^s Duration 


Experiment 

No. 

Amount in 

Amount out 

1,053 


- i 

r:r. 

cc. 

fn ;. 

r-.i. 

per ctni 

1 


14.40 

83.00 

13.45 

0.95 

6.6 

2 



68.00 

12.78 

1.62 

11.2 

3 

30.00 

14 40 

125.00 

13.50 

0.90 

6.2 

4 

30.00 


75 .00 

9.50 

1.15 

10,7 

5 


10,65 

50.00 

9.00 

1 .65 

15.4 

6 


8.47 

65.00 

7.45 

0.93 

10.8 

7 


S 47 

95.00 

8 36 

0 11 

1.3 

Avcnice . 

8.8 








intestinal loop. The organisms found in this bile were usually the 
streptococcus and staphylococcus. In nine experiments the bile 
was allowed to remain in the loop for a period of 2 hours and in one 
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experiment for 3 hours. In only one instance did the recovery show 
a loss greater than the limit of the experimental error (Table III). 

Fate of BiUruhiii in Infected Bile lF//c;;- Placed in Intestinal Loops . — 
The bile used for these experiments was grossly infected with colon 
organisms. Also, the liver of the animals secreting this bile w'as 
damaged by the previous injection of a solution of colon bacilli into 
the biliary tract. Often the bile collected from these animals had an 
orange color and a putrid odor. \\Tien this was mixed with the acid- 
alcohol solution instead of obtaining the characteristic color changes 
which bilirubin normally undergoes, they were clranged immediately to 
a deep red color. It was, therefore, usually impossible to estimate the 
bile pigment of tlie bile by tliis metliod. However, it was sometimes 
possible to obtain bile from these animals which was not so markedly 
affected and thus bile pigment could be determined. Using this type 
of bile seven experiments were carried out, the bile remaining in the 
loop for 1 hour. In three of these tlie amount lost was within the 
experimental error of the metliod while in another three the loss was 
very close to the limit of error (Table IV). 

DISCUSSION 

The results of these experiments indicate that there is a loss of 
bilirubin from sterile bile when the entire small intestine is utilized 
for the experiments. The question arises as to whether the bilirubm 
has been absorbed, or whether it has been changed to some substance 
in the lumen of the intestine that can no longer be estimated as bili- 
rubin. Since it was found that complete recovery of bilirubin was 
possible when bile was incubated at body temperature with jejunal 
loop secretions for 2 hours, it can be concluded tliat such juice has no 
effect upon the bile pigment even after 2 hours contact. This was 
also true for juice from the entire small intestme. It is a fact, hoiv- 
ever, that urobilin is formed in the intact intestine. 

The question naturally arises as to whether the pigment is absorbed 
as bilirubin or is converted to urobilin to be absorbed or excreted. 
The data presented cannot answer this question. McMaster and 
Ehnan (2) were able to show that urobilin is absorbed from tlie in- 
testine. They found an increase in pigment output through bile 
fistulae after the introduction of urobilin into the intestine. Although 
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Blankenliom (9) shovred that after introduction of bile into the small 
intestine, there was little or no increase of bilirubin content of the 
blood in the portal vein as compared to that of the jugular vein, 
there was a marked increase of urobilin in blood of the portal vein. 
There was also an increase of urobilin in the Ijrmph of the lymphatic 
vessels which led from the intestine. The experiments of Blankenhom 
strongly suggest that most of the bile pigment absorbed from the 
intestine is carried away as urobilin. A consideration of the work of 
Blankenhom and this present study woxild indicate that the intestinal 
contents and mucosa are capable of changing bilirubin to urobilin. 
Bolhnan, Sheard and Mann (10) were imable to find any increase in 
bilirubin content in the blood of the mesenteric veias after the intro- 
duction of bile into the intestine. These investigators, however, did 
not estimate the urobilin content of the blood. 

The results obtained when either sterile, contaminated or grossly 
infected bile was placed in the modified Thiry loops strongly indicates 
that under the conditions of the experiments little or no pigment was 
absorbed. The difference between the loop experiments and those in 
which the intestinal tract was utilized as a physiological imit em- 
phasizes the care which must be exercised in making generalizations 
from data obtained from only one portion of a physiological unit. 

stohlary and conclusions 

Since there was no loss of bilirubin from the jejimal loop, and no 
loss of bilirubin when pigment was incubated with juice from the 
loop segment, or juice from the entire small intestine, it may be con- 
cluded that the intestinal juice per se has no effect in converting 
bilirubin to urobilin in a 2 hour period, and that in the jejunal loop 
there was no absorption of pigment or no conversion to urobilin. The 
experiments showing loss of pigment in the entire intestinal tract 
suggest that in some place other than the jejunal portion of the in- 
testine the combined actirity of intestinal contents and intestinal 
cells docs affect the bilirubin in the intestine. \Miether the loss of 
bile pigment under such circumstances is due entirely to conversion, 
or to conversion and absorption, or to absorption of bilirubin as such, 
remains to be answered by subsequent investigations. 
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The histologic proximity of epithelium to such superficial appen- 
dages of the organism as the scales, shell, hair, nails and the developing 
tooth has been discovered within the last centuiy'. Moreover, experi- 
ments in recent years (2-4) have shown that the epithelium of certain 
organs in mammals, notably the gall bladder and the urinary tract 
distal to the kidney, when transposed to certain connective tissue 
areas regularly causes the formation of osteoblasts and bone in these 
loci. Since the relationship of the calcified elements of the tooth to 
epithelium in the developmental stage is strikingly similar to bone 
forming after epithelial transplantation, and since the inorganic oys- 
tallites of teeth and bone are chemically identical even to X-ray diffrac- 
tion studies (5,6), it was considered adrisable to investigate the odon- 
togenic properties of tooth germ elements in an attempt to induce the 
extra-oral formation of dentin and enamel. The relatively common 
hetcrotopic occurrence of teeth in pathological situations, as in the 
pituitaiy (7) and elsewhere, especially in the ovaiy^, as a result of 
teratomatous tumor formation lent support to the conception that this 
could be accomplished experimentally. 

The idea of the ontogenetic relationship of epithelium to the developing tooth 
arose mostly as a result of the anatomical studies of Kdllilier. Hertv.ig (8) de- 

* This work was done under a grant from the Douglas Smith Foundation for 
Medical Research. A prcliminaiv' report wns read before the Society for Experi- 
mental Biolog}*^ and ^ledicine (1) and at the annual meeting of the American 
Society for Experimental Patholog}' (1934). 
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scribed the penetration of the jaws by an epithelial sheath, which he believed was 
essential to tooth formation. The discoverj’^ of Tomes (9) that the cpitlielial 
enamel organ was present in the armadillo, whose peg-like teeth consist solely of 
dentin devoid of enamel, and the studies of von Brunn (10, 11), who show'ed that 
the entire tooth of rodents is surrounded at some time b}' the enamel organ, al- 
though the dorsal surface of the tooth is composed of dentin and only the 
ventral surface is covered by enamel, led to the belief that epitlielium w’as neces- 
sary in some way for the development of both enamel and dentin. To quote von 
Brunn: “where there is no epithelial sheath, there can be no odontoblast formation 
and consequently no dentin,” (11).* 

In the present experiments the technique consisted in the autogenous 
transplantation of tooth germ elements to the connective tissues of the 
abdominal wall of young pups; so far as we could discover, this method 
has not been previously reported. Legros and Magitot (12), however, 
studied transplanted tooth germ elements in the much more difficult 
field of homogenous and heterogenous grafting. Their results 
achieved in the pre-aseptic era are noteworthy. These investigators 
removed dental follicles from young pups immediately after death 
and transplanted them subcutaneously into guinea pigs or older dogs. 
The heterogenous grafts were all lost through suppuration or resorption 
as were most of the homogenous grafts. The positive results obtained 
were as follows: 7 of 26 homogenous grafts of the complete dental 
follicle survived and led to regular development, and in 3 of 16 cases 
in which the pulp was removed and transplanted alone, the tissue 
survived and reproduced a new cap of dentin. 

Methods 

Young dogs between the ages of 3 and 6 weeks w'ere used and all operations 
were done under ether anesthesia. An aseptic manner of operating in the mouth 
was impossible to attain and was found not necessarjq the grafts ■were ®^tr^ 
ordinarily free from infection. The instruments used in the mouth w'ere sterilize 
by heat, tlie operative field was s'wabbed with iodine and after isolation of the 
dental follicle, the tissues were removed with fresh instruments into sterile Ringer s 
solution. The abdominal operation was then done with asepsis. 

The material grafted consisted in the soft tissues of the unerupted permanent 
canine tooth which was selected because of its large size and ease of accessibiht} . 
The canine tooth in the upper jaw was always found anterior and superior to the 
root of its deciduous precursor; to remove this tooth a 2.5 cm. incision was ma e 


' Von Brunn (11), page 145. 
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in the gingiva covering the lateral aspects of the superior ma xil la parallel to the 
root of the temporar>^ canine tooth, down to the bone; the periosteum was re- 
flected and the t>iin plate of bone overljdng the tooth removed with a chisel 
AVith care the tooth and its membranes were removed intact. Removal of the 
tooth in the mandible was slightly more difficult; after ma k i n g parallel incisions 
in the gum margin, medial and lateral to the temporarj’ teeth, the periosteum was 
reflected from the mandible, and a wedge-shaped piece of bone was sawed away 
just posterior to the deciduous canine, exposing the permanent tooth in the medial 
aspect of the mandible. Wounds in the jaw were not sutured. 

The dental follicles were opened and the calcified cone of dentin and enamel 
was alwa^’s discarded. In a number of cases, an X-ra^- photograph of the soft 
tissue was made before transplantation, and in all cases some tissue was excised 
from the graft for histological control It was regularly possible to cleanly remove 
the pulp with its odontoblast layer from the dentin without adherent calcified 
particles, but it was much more difficult to dissociate calcified enamel from the 
ameloblast layer, and in many cases a few small bundles of preformed enamel were 
transplanted inadvertently with the epithelial layer. 

The abdominal site for reception of the transplant was prepared by making a 
2 cm. incision in the skin and external oblique muscle. The grafts were inserted 
between the internal and external oblique muscles, and the latter was then sutured 
as well as the skin with fine silk. 

The animals were kept from 2 to 56 days on a stock diet of meat scraps, bread 
and lettuce, with an unlimited supply of cow’s milk. A special group in which the 
known vitamin content of the food was maintained at a high level was fed in 
addition by daily gavage a supplementary ration consisting of butter 12 gm., 
tomato juice 12 cc., fresh yeast 4 gm., irradiated ergosterol (1000 D) 2 drops. 

The soft tissues of the developing tooth at this stage consist of (a) the pale 
white pulp vdih odontoblasts on the surface and (6) the red epithelial la^'er con- 
sisting of an innermost cylindrical cell layer, the ameloblasts; next a cuboidal 
row of cells, the stratum intermedium; and outermost a thin layer of flattened epi- 
thelium surrounded by connectiv’e tissue with a rich vascular supply. The 
odontoblast-pulp membrane is joined at its base, where the blood vessels and 
ncr\’es enter, with the more embrj'onic portion of the epithelial layer, the epithelial 
sheath of Hertwig, precursor of the tooth root. The membranes are separated 
normally by the more or less calcified tooth shell of dentin and enamel which in 
these experiments was always removed and discarded. The relationship of these 
membranes in the graft was, as vdW be shoTO, a determining factor in the product 
of the transplantation. The membranes were transplanted in 'various combina- 
tions and the distinct difierence in color made for the ease of anatomical separation. 
First, the membranes were cut across so that the epithelial layer (Method A) and 
the pulp-odontoblast layer (Method B) could be transplanted to different parts 
of the abdominal wall. Secondly, the membranes were transplanted together 
(Method C) so that the epithelial layer had a quasi-normal relationship to the 
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pulp and tlie cylindrical ameloblasts were in close proximity to the odontoblasts; 
and in another series the epithelial layer instead of ensheathing the pulp was drara 
upwards so tliat tliese membranes were in continuity but not approximated 
(Method D). Thus in the experiments done using Method D the epithelial la 3 ’er 
bore a ‘^skin-thc-rabbit^^ relationship to the pulp. In another scries (Method E) 
a transverse section of tlic pulp was circumcised so that all of the odontoblasts 
were removed together vdth a tliin layer of underhung pulp cells; thus the surface 
cells of the pulp were transplanted to a different location from that of the central 
pulp cells. In Method F, a sheet of mouth epithelium covering the mandible was 
excised and transplanted to the abdominal wall. 

RESULTS 

Since great variations resulted depending on the nature and rela- 
tionships of the material used for transplantation, the 6 series of ex- 
periments will be separately described. The infrequenc)’' of inflamma- 
tion around the grafts, was noteworthy in view of the impossibility of 
maintaining complete asepsis in securing the grafts. 

Method A. Isolation of the Epithelial Layer and Transplantation to the 

Ahdominal Wall 

Twent 3 ^-one experiments were done in tliis group; an animal was killed every 
2nd day from 2 to 30 days after transplantation. It was somewhat difficult to 
remove the epithelium from the enamel vdthout obtaining a few adherent enamel 
bundles. The preformed enamel bundles usually were small and regular, and tlie 
enamel rods relatively long and in microscopic section had a straight regular edge 
making it easy to differentiate transplanted from newl}^ formed enamel. 

These enamel bundles did not excite a specific response in the tissues; giant cells 
were completely lacking around them although present in great numbers around 
fortuitously adjacent silk fibres; the bundles uniformly became encapsulated by 
fibrous tissue or epithelium and the enamel rods appeared to be histogenetically 
inert. 

The most significant features of the experiment were the total 
disappearance of the cylindrical ameloblasts, the absence of new 
enamel formation and failure of the epithelium to form cysts. 

The epithelium survived only as a stratified epithelium composed in part of 
squamous cells and in part basal cells. As earl}'’ as the 2nd day after transplan- 
tation, the C 3 ffindrical character of the ameloblasts was lost and the epithelium was 
forming islands and cords of cells which persisted. In the later stages, it was seen 
that some of the islands were composed entirely of basal cells, and others almost 
exclusiveb'' of stratified squamous cells. At 4 da 3 ’'s, expansion of the epithelium 
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was easily observed, already more extensive than it becomes normally in the jaws. 
Mitotic figures were numerous. In later stages epithelial pearl formation was not 
unusual. It was of interest to observe the relationship of the basal to the squa- 
mous cells; in the largest islands, composed chiefly of basal cells, the center some- 
times contained squamous cells, as if the basal form was dependent on a more 
favorable vascular relationship. Some of the epithelial islands surrounded con- 
nective tissue, so that in the plane of the section, the fibroblasts were completely 
encompassed. 

There was no new formation of enamel detectable in an3’ of the sections. 

The epithelium showed no tendenc>' to form cystSj except the small obviously 
necrotic centers of some large squamous cell islands, containing epithelial cells, 
whose nuclei almost filled them. This is an exceedinglj' unusual happening in 
epithelium under these conditions of subcutaneous transplantation. 

Method B. TransplanMtoii of the Isolated Odontohlast-Pulp Layer 

As compared with the epithelial layer, it was easy to regularlj' remove the pulp 
with its surrounding odontoblasts from the dentin cap without any adherent 
traces of calcified material; this was repeatedly demonstrated hy X-ray examina- 
tion as well as by biopsy of random areas before transplantation, for histological 
examination. Twenty-four experiments were done in which this material was 
transported to the connective tissue areas of the abdominal wall or thigh. The 
results were similar, but the ease of identification of the tissue in the abdomen, 
as well as the absence of calcified elements in this site normally, made this location 
more satisfactoiy^ for the purposes of the experiment. 

The duration of the experiment v/as from 1 to 26 days. In 12 of the 
experiments, exclusivelj^ those between 14 and 26 days, small masses 
of calcified dentin w^ere found. Further proof that the dentin found 
in the later experiments was newly formed in the heterotopic location 
occurred in the observ-ation that no dentin was found in any of the 
experiments before the 14th da>\ 

In the material recovered for examination between the 2nd and 10th daj's, it 
was impossible to recogmze the odontoblasts as such, but after this time aggrega- 
tion of more densely staining compact cells associated with an eosinophilic protein 
secretion identified the future site of dentin formation. The pale staining stellate 
pulp cells ^ith the included sundWng empty preformed capillaries easih- differen- 
tiated the transplant from the native abdominal connective tissue. 

The calcified dentin occurred roughly at the junction of the pulp and the en- 
capsulating fibroblasts. The dentin was found in circular, or irregular plaque 
form vdth collccUons of odontoblasts located almost exclusively on one surface 
and the other surfaces w'crc encapsulated by common connective tissue. The 
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in the interior * Thc';e°'^'' ^r n nsually both on the surface and 

.hetbuts of no^rdeX B /the ^Jt^d 

but as ktp It: flip 9 ^fi j ai ' ^ dentin was always calcified, 

the odontoblasts. ^ uncalcificd zone separating it from 


arifnnTfif n ^ ^ving cells as if it had been secreted 

^" 7 ^^ch M^ere thus included; in other places the in- 
1 lal cells closely resembled bone corpuscles. There was observed 
y gra ation between true dentin, through osteodentin to true 
one. ^ studies of the teeth in vitamin A and C deficiency (14, 15) 
ave established, there is a close relationsliip between the cells known 

s-wd osteoblasts; and these observations were fully 
confirmed by the present eaxperiment. 


Method C. Transplantation of Odontohlast-Pulp and EpHhcUal Layers 
So That a Quasi-Normal Relalionskip Obtained 

This experiment was done 6 times. The results were identical in 
each case although the duration of grow^th varied from 21 to 31 days 
a er transplantation. The interesting features observed were the 
preservation of the cylindrical character of the ameloblasts and the 

formation of new enamel in normal relationship to these cells and to 
newly formed dentin. 


e ame o ast and odontoblast layers survived the transplantation and pro- 
f ^ re ativel}^' large amount of the calcified tooth substances, enamel adjacent 
e ame oblasts, and dentin close to the odontoblasts. Relatively long stretches 
o ename epithelium and of enamel were found; the outline of the row of enamel 
ro s was irregular and wavy, the enamel rods were short, and thus there were 
istinct differences between the newly formed enamel and the irregular narrow 
ut ong undies with straight edges which characterized preformed transplanted 
ename. Moreover enamel formed before the transplantation had no regular 
re ations ip to dentin such as existed here. In each case Hertwig^s sheath was 
oun , s owing that this still undeveloped embr3mnal tissue is capable of survival 
in a new location. The growth of the epithelial and odontoblast la3^ers was not 
entire 3 regular, in places these Ia3^ers invaginated the pulp so that a shelf-like 
arrangement of dentin and enamel appeared in the pulp. The growth of the cell 
a3 ers was not perfectly symmetrical, so that in some areas either la3'’er was lacking, 
n e regions where ameloblasts were missing, the odontoblasts proliferated to 
orm arge irregular masses of dentin and small spheroidal denticles. In the 
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absence of the odontoblast layer, however, the cylindrical ameloblasts did not 
persist and were replaced by stratified squamous degeneration of the epithelium 
without formation of enamel rods. Thus enamel was only deposited on dentin, 
although dentin formation was definitely independent of enamel production, and 
the enamel rods formed only in association with cj^lindrical cells. 

Method D. Traiisplaiitaiioii of Epithelial and Odanfollast'-Pnlp Layers 

Together vnihoiit Presercation of Normal Proximal Relationship 
of the Me7?ihra7ies 

Twelve experiments w^ere done using these membranes attached at 
the base of the follicle but with a deliberate attempt to avoid contact 
of the cylindrical ameloblasts with odontoblasts. The duration of the 
experiments varied from 9 to 56 days. The results can be interpreted 
as a combination of the results obtained by use of Methods A and B. 
At 9 days there was foimd early imcalcified dentin in the region of the 
pulp and masses of basal and squamous cell epithelium away from it. 
In 2 of the experiments the epithelial sheath of Hertwig was identified 
but cylindrical ameloblasts were not obser\^ed and there was no 
evidence of newdy formed enamel. The only observable difference 
in the dentin formation was an apparent increase in the amount of 
dentin formed. The largest amount of dentin including cellular den- 
tin and bone observed in these experiments occurred in these sections. 
As mentioned under Method A, in transplantation of the epithelial 
layer a few bundles of preformed enamel usually adhere to the epithe- 
lium, and in the present experiment not infrequentl}" there were foimd 
masses of these preformed enamel rods entirely encapsulated by den- 
tin. This is, of course, proof of the new’ formation of dentin in the 
abdominal w’all. In certain areas, here as in I^Iethod B, there w’ere 
obscr\^cd irregular serpiginously contorted masses of dentin formed 
presumably as a result of the opportimity of the pulp to imdergo free 
grow’th for a limited period. 

Method E, Transplantation of the Center of Pulp to the Abdominal 
Wall as Compared -xith the Peripheral Portion CorAaining the 
Odontoblasis 

In tbis experiment, the center of the pulp wjis completely freed from the odonto- 
blasts, by a circumcision of the pcriphciy. A 4 mm. transverse section was cut 
cquatorially through the pulp, which v*as then pinned to a block of wood with 
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needles, allowing the surface laj'cr of odontoblasts to be casil}' and completely 
excised with a razor. Each of the 2 masses of tissue consisting of the center and 
periphery of the pulp was transplanted to separate portions of the abdominal 
wall. 

In 5 experiments with the center of the pulp, the tissue was recovered 
at 20, 24 and 29 days; the stellate pulp cells were easily seen, but there 
was no trace of dentin or calcified material found. 

In 5 similar experiments with tlie surface layer of odontoblasts and 
necessarily the immediately subjacent pulp cells, the duration of the 
experiment being the same, small islands of dentin, with odontoblasts 
arranged along one surface were found in 4; in the 5th experiment, 
terminated at 29 days, no calcified tissue could be identified. 

Method F. Transplantation of Gingival Epithclimn to the 

Ahdovtinal Wall 

The gum was painted with iodine, in 7 experiments, and a thin layer 
of epithelium covering the lateral aspect of the mandible excised and 
transplanted to the abdominal wall. The graft survived 32, 47 and 
69 days. In all cases there was infection, and in 2 experiments no 
epithelium could be identified at the termination of the experiment. 

In brief, the epithelium survived, proliferated to form a cyst lined 
with squamous epithelium and produced no calcified dental substance. 
The basal papillae of the original epithelium survived, but the newly 
formed portion of the cyst did not reproduce tliis papillary pattern 
but persisted in the form of a flat stratifled squamous cell layer. A 
leucocytic invasion surrounded the epithelium in all cases. 

DISCUSSION 

Aside from the actual heterotopic formation of dentin and enanael 
the most interesting feature of these experiments was the epithelial 
cytomorphosis. It seems clear from the liistological evidence that 
when the enamel epithelium is associated in an approximately normal 
relationship to the odontoblasts and pulp, the cylindrical character of 
the ameloblasts is preserved with the production of new enamel rods 
and that otherwise these properties are lost. The maintenance of the 
form of the epithelium and its function in producing enamel seems to 
be due to the influence of the mesodermic tissue on the epithelial 
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arose as a result of the action of epithelium on the maxillary mesen- 
chyme, causing a permanent change in these cells. These trans- 
planted odontoblasts then were capable of forming dentin in the 
abdominal wall without further aid from the epithelium. The epithe- 
lial influence on the fibroblasts thus has a local hereditary influence 
as far as these cells are concerned, both in their form and function, 
which is precisely what occurs with the osteogenic epithelia. Unpub- 
lished experiments have clearl)'^ shown in this laboratory that the bone- 
forming properties induced in fibroblasts by epithelial stimulation are 
thereafter inherited; bone formed from transplantation of urinar}’- 
bladder epithelium to the abdominal wall was later freed from the 
epithelium, was fractured and promptl}'- the break healed by bony 
union, through the inheritance of the osteogenic character in the daugh- 
ter cells of the original fibroblasts that had formed bone, although the 
original epithelial osteogenic stimulus had been removed. 

An obvious difference between the present experiments and the 
osteogenic stimulus of epithelium on fibroblasts, in that enamel epithe- 
lium did not stimulate the abdominal wall fibroblasts to form calcified 
elements, may perhaps be best explained by the fact that in the absence 
of the mesodermic pulp elements, the enamel organ loses its specialized 
form and degenerates in the direction of gingival epithelium. 

It is hoped that the development of a method whereby tlie calcified 
components of the tooth are formed in a bacteriologically sterile site 
sucli as the abdominal wall will provide new means for study both of 
kataplastic process sucli as dental decay under aseptic conditions in 
the absence of saliva, as well as the Instogenic details and physiolog}’’ 
of the early formative stages of the calcified tooth elements. 

SUMMARY 

The formation of dentin and enamel in the abdominal wall in young 
pups was achieved by transplantation of the soft tissues of the develop- 
ing tooth germ. An interesting finding was the cytomorphosis of the 
epithelium of the enamel organ. When tliis was transplanted so tliat 
the ameloblasts were in contact with the odontoblasts the cylindrical 
character of the epithelial cells was preserved and enamel was pro- 
duced; otherwise the cylindrical shape of these cells was lost and a 
stratified epithelium resulted, resembling the gingival and certain 
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Fig. 2. The same as Fig, 1, 17 days. The enamel epithelium has survived as 
islands formed chiefly of basal cells. Xl60. 

Fig. 3. The same as Fig. 1, 21 days. Two islands of epithelium (A, A') are 
shown, with an epithelial cord at B, Xl45,’ 

Fig. 4. The same as Fig. 1, 16 days. A large epithelial island with many 
squamous cells is shown. Xll5. 


Plate 10 

Fig. 5. Transplantation of odontoblast-pulp membrane to abdominal wall 
(Method B), 14 da^^s. At the junction of the pulp (P) with the abdominal con- 
nective tissue cells (F) there is an island of early dentin, only slightly calcified; 
odontoblasts may be seen at 0. Xl45. 

Fig. 6. The same as Fig. 5, 24 days. At the interface between pulp (P) and 
connective tissue (P), a large island of dentin has formed; odontoblasts (0) are 
seen on one surface. X140. 

Fig. 7. The same as Fig. 5, 21 days. A serpiginous mass of dentin has formed 
at the junction of the pulp (P) and the encapsulating fibroblasts (P). X145. 

Fig. 8. The same as Fig. 5, 28 days. Five oval and circular masses of dentin, 
and a plaque form are seen at the junction of pulp (P) and connective tissue (P). 
Note the odontoblasts on the surface of the denticles. Xll5. 

Plate 11 

Fig. 9. Transplantation of epithehal and pulp odontoblast layers together, but 
not in contact (Method D), 28 da3''s. A large mass of slightl}’’ cellular dentin has 
formed. X215. 

Fig. 10. Transplantation of epithelial and mesodermic layers together, with 
the ameloblasts in intimate contact with the odontoblasts (Method C), 20 days. 
Note Hertwig’s sheath (H), newly formed dentin and enamel (P), squamous 
degeneration of epithelium (P). X26. 

Plate 12 

Fig. 11. The same as Fig. 10, 21 days. The pulp (P) with its odontoblasts (0) 
may be seen separated by a new formation of dentin and enamel from the c}’'- 
lindrical ameloblasts (-4). The surrounding connective tissue of the abdominal 
wall is seen at P. X370. 

Fig. 12. The same as Fig. 10, 26 days. A somewhat tangential section of 
dentin (P) and enamel (P) to show the hexagonal enamel prisms. The ameloblast 
layer is seen at A, X405. 
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VACCINATION OF MONKEYS AND LABORATORY 
WORKERS AGAINST PSITTACOSIS 

By THO^IAS M. RTV^ERS, M.D., akd FRANCIS F. SCHW^NTKER, M.D. 

{Frajn the Hospital of The Rockefeller Institute for Zfedical Research) 
(Received for publication, May 31, 1934) 

Cases of psittacosis are still occurring in birds and in human beings, 
and it is obvious that the disease has become endemic (1) in the 
breeding aviaries of this country and that cases among human beings 
will continue to occur until the breeders dose the aviaries or get rid 
of their infected stock. In view of the fact that laboratory workers 
exposed to infection frequently develop psittacosis it seemed advisable 
to ascertain whether inch\dduals who have had the malady are refrac- 
tory to reinfection and to devise a method for the vaccination of human 
beings against the disease. 


EXPERIMENTAL 

In approaching the problem of vaccination of laboratory workers 
against psittacosis we dedded that it would be addsable to ascertain 
what could be accomplished with monkej^ before an>ihing was 
attempted with hinnan beings. Consequently, we set out to determine 
(1) whether monkeys that have recovered from psittacosis pneumonia 
are refractory to reinfection, (2) whether such monke}^ have neutraliz- 
ing antibodies in their sera, (3) whether large amounts of psittacosis 
virus administered to monkeys intramuscularly and intravenously 
produce a serious infection, c.g. psittacosis pneumonia, and (4) whether 
monke}'s that have received repeated small doses of active psittacosis 
drus intramuscularly, that is vaccinated monkeys, are refractor}^ to 
intratracheal inoculations of active drus and possess neutralizing anti- 
bodies in their sera. 

Resistance of Monkeys to Reinfection by Psittacosis Vims 

Predous work (2-1) has evidenced the fact that parrots, rabbits, 
and mice that have recovered from psittacosis possess a heightened 
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resistance to reinfection. It has also been found possible to produce a 
psittacosis pneumonia in monkeys (5) by means of intratracheal injec- 
tions of active virus. When the present investigation was begun, 
however, there was no definite evidence available regarding the state 
of resistance of recovered monkeys to psittacosis virus. Before the 
vaccination of monkeys was undertaken, it seemed wise to determine 
whether monkeys that have recovered from psittacosis pneumonia 
are more refractory to the virus introduced intratracheally than are 
normal control animals. The desired information was obtained in 
the following manner. 

In each of Monkeys^ 19, 20, and 22 (see Table I), a psittacosis pneumonia was 
produced by means of an intratracheal injection” of 2 cc. of a 1 per cent emulsion in 
Locke’s solution of livers and spleens from mice infected with psittacosis virus. 
The animals became sick and X-ray pictures of their lungs revealed extensive 
consolidation. 43 days after the infection in Monkeys 19 and 20 and 105 days 
after the infection in Monkey 22, each of Monke 3 "S 19, 20, 22, and 28 (normal con- 
trol animal) received intratracheall}^ 2 cc. of a 1 per cent virus emulsion similar to 
that described above. Monkey 22 was not sick and X-ray photographs of the 
lungs showed no consolidation. Monkeys 19 and 20 were not sick, but X-ray 
pictures showed a slight involvement of their lungs. Monkey 28 (the control), 
however, was sick and refused to eat, and X-ray photographs of its lungs revealed 
considerable pneumonia around the hilum and at both bases. Follo\ving the 
X-ray examinations on the 7 th day after inoculation the 4 monke 3 ^s were sacrificed. 
The lungs of Monkey 22 were essentially normal macroscopically and micro- 
scopically. In the gross, the lungs of Monkeys 20 and 19 showed respectively a 
slight amount of pneumonia of both lower lobes and a few scattered areas of 
consolidation of the right upper and lower lobes. Stained sections of tlie con- 
solidated tissues revealed some thickening of the alveolar walls and mononuclear 
elements in the alveolar spaces. No hemorrhages or areas of necrosis were seen. 
In Monkey 28 (normal control) practicall}’’ all of the right lower lobe, half of the 
left lower lobe, and approximately a quarter of the right upper lobe were consoli- 
dated. Stained sections of these lobes showed hemorrhages, areas of necrosis, 
thickening of the alveolar walls, desquamation of the alveolar epithelium, and 
mononuclear exudate with fibrin in the alveolar spaces. The gross and micro- 
scopic pictures in the lungs of the control Monke 3 '' 28 were decidedly different 
from those found in the lungs of the reinoculated animals, Monke 3 ^s 19, 20, and 22. 
The results of the experiment are summarized in Table I. 

^ Approximately half-grown Macacus rhestes monkeys were used in all ex- 
periments. 

” All operations were performed under light ether anesthesia. 
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The experiment just described was repeated and similar results were 
obtained. From these experiments it is obvious that monkeys that 
have recovered from psittacosis pneumonia are more refractory to 
infection by the virus introduced intratracheally than are normal 
monkeys. From our experience it seems that an increased resistance 
to psittacosis is acquired slowly. Therefore, one should wait at least 
a month after the primary inoculation before testing for a heightened 
resistance in the animals by means of a secondary injection. More- 
over, the immunity is only relative, and if too large an amount of 
virus is administered in the secondary inoculum one will fail to demon- 
strate a refractory state. 

Neutralizing Antibodies in the Sera of Monkeys Recovered from 

Psittacosis Pneumonia 

In addition to determining the presence of a refractory state in 
monkeys to reinfection by psittacosis virus we attempted to ascertain 
whether the sera of such animals possess neutralizing antibodies for 
the active agent. However, when we undertook to demonstrate the 
presence of the antibodies, it became e\'ident at once that a test in 
which only a few mice and one or two dilutions of virus are employed 
is not adequate. We then devised the following test which seems to 
give satisfactory results. 

A 20 per cent liver and spleen emulsion from infected mice was prepared and 
centrifuged for 10 minutes at 3000 r.p.m. The supernatant fluid was collected and 
decimal dilutions of it were made with Locke’s solution. These dilutions were not 
allowed to stand for an}’’ length of time because tlie virus dies very rapidly under 
such conditions. Definite amounts of at least four of the dilutions of virus were 
mixed with equal amounts of the sera being tested. A positive and a negative 
control serum were run in each experiment. The mixtures were incubated at 3 7°C. 
for 2 hours. Then 5 mice^ were inoculated intraperitoneally with each mixture, 
each mouse receiving 0.5 cc. The mice were observed for 18 days. The percent- 
age of mice that died and the average time of their death were noted. A summary 
of an experiment is shown in Table II. 

An examination of the results shown in Table II reveals that more 
of the mice receiving mixtures of normal serum and virus died tlian 
did those recei'ving virus mixed with the other sera. Furthermore, 

® The mice must be from a relatively uniform stock as regards susceptibility, 
and must also be of approximately the same age and weight. 
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the average time of death for the former set of mice was shorter than 
that for the latter. The differences in percentages of deaths and in 
the average times of death are not strikingly significant when con- 
sidered separately, but when the two factors are considered together 

TABLE n 


Summary of an Experimenl Illustraling the Manner in Which N eulralizalion Tests 

'Were Performed 


Dflution of 
virus 

Ko. of mice 
inoculated 

j No. of 
deaths 

Percentage 
of deaths 

Day of deaths 

Averzse 
time 
of death 

NcutraKaa- 
tion index 


Known normal serum -f- virus dilutions 


10-^ 

10-5 

10-5 

10-* 

■ 

5 

5 

5 

5 

1 

5, 6, 6, 6, 6 

5, 6, 6, 6, 7 

7, 7, 8, 8, 8 

8, 8, 8, 9, 9 




20 

20 

100 ; 

1 

1 

6.9 j 

14.5 


Serum being tested -1" virus dilutions 


io-< 

10-5 

io-« 

10-7 

5 

4 

5 

5 

5 

4 

5 

1 


6, 7, 7, 8, 8 

6, 7, 8, 9 

8, 8, 8, 12, 12 

10 




19 

15 

79 


S,3 

9.5 

Known immune serum -f- virus dilutions 

io-‘ 

5 

5 


6, 7, 7, 9, 9 



10-* 

5 

5 


5, 8, 10, 10, 10 



lO-* 

5 

4 


9, 10, 12, 12 



10-7 

4 

1 


10 




19 

15 

79 


8.9 

8.9 


Neutralization index = percentage of deaths di\-ided by average time of death. 


the results of the e.vperiment assume considerable significance. In 
order to express both factors in one figure we have chosen as a neu- 
tralization index the percentage mortality divided by the average 
time of death. 

In the manner described the sera from a number of monkcx's that 
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had recovered from psittacosis pneumonia 39 to 187 days previously 
were tested for the presence of neutralizing antibodies and it was found 



Text-Fig. 1. Graphic portrayal of the results of a neutralization test on speci- 
•mens of sera from 1 normal monkey (M. 31) and from 5 monkeys (M. 8, 14, 23, 26, 
29 ) that had recovered from psittacosis pneumonia, 

that in the majority of the sera such antibodies were present From 
experience it has been learned that the antibodies may appear slowly. 
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29 tl' 8 M. 14. and M. 23 definitely possessed neatralizing antlbodiK. 

K is W to interpret the results obtained tvith the semm from M. 26, 

Effea cf Psillcaisis Virus Admmisisred to Umisys Inlraveumsly 
and Intramuscularly 

Before undertaking the vaccination of monkeys vrith active virus 
we wanted to know whether large amounts of psittacosis \Tru_s admims- 
^Xtravenonsly or intranrnscolarly tronld produce a -nous ^ 
tion such as a pneumonia. From previous work (o) we had been led 

to beheve that psittacosis virus introduced into monkeys m such a 
to believe ^ p Nevertheless, 2 expenments, one of 

be described, were performed in order to obtain definite 

evidence concerning the matter. 

^ iiTrprc and sDleens from mice sick of psittacosis vras 

A 1 per cent of 

made and centring , Monkej^s 21 and 25 received respectively 2 cc. 

remov^ and used I,Ionkej-s 17 and 18 received 2 cc. 

of the inoculum . . Locke’s solution intravenously and 0.5 cc. 

of the inoculum mixed J cc. m 

of the moculum mtomuscutol^ ; pneumonia was found 

after the moculation.^A^^^^^^^^^^ ver>- sick, had fever, and refused to eat. 

invoUnng nf tk p lunes revealed extensive pneumonia. The animal finally 

X-rayphotogmp^ofthel^g^^^^^ 18 were never sick and had no fever. 

F'Xmore°X-ra>- pictures of their lungs revealed no ewdences of pneumonia. 

The results of the experiment described above and of a sii^ar one 
CMonkeys 15 16 19 20) not detailed are shown m Table I and clearl> 
Licate tbat’laigc amounts of active psittacosis virus can be adminis- 
tered intiavenouslv and intramuscularly to monkeys m relative safety, 
while similar amounts of varus given intratracheaUy cause e.xtensive 
pneumonia which may be fatal. 

Vaccination of Monkeys against Psittacosis 

At this point we believed that we were ready to proceed with the 
vaccination of monkeys against psittacosis. To this end 6 e.xpcri- 



Monkey 24 Monkey 10 Monkey 4 Monkey 3 


PERIOD OF innUNliri 


Ppimapy injections 



injection 
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ments were performed in which 14 monkeys (Nos. 1 to 14 in Table I) 
were vaccinated and then tested for immunity. Seven normal 
monkeys (Nos. 22^ 24, 26, 27, 29, 30, 31 in Table I) were used as 
controls in the tests. Inasmuch as aU of the experiments were con- 
ducted in approximately the same manner only one will be described 
in detail. 

Each of Monkeys 3, 4, and 10 received intramuscularly at weekly intervals 3 
doses (0.1 cc., 0.15 cc., 1.0 cc.) of active psittacosis virus contained in a fresh 10 per 
cent emulsion of tlie livers and spleens of infected mice. In addition to these in- 
oculations, Monke}^ 10 received 2 more weekl}^ injections (1.5 cc., 2.0 cc.) of similar 
emulsions. During the period of vaccination tlie animals showed no signs of illness 
and X-ray photographs of their lungs taken from time to time revealed no evi- 
dences of pneumonia. 73 days after Monkeys 3 and 4 and 59 days after Monkey 
10 had received their last intramuscular injection of virus, they were tested for 
immunity. Each of these animals and a normal control (Monkey 24) received 
intratracheally 2 cc. of a 1:100 dilution of a 10 per cent emulsion of livers and 
spleens from mice sick of psittacosis. The animals were observed carefully and 
X-ray pictures of all of them were taken on two occasions. The vaccinated 
monkeys did not become sick and had no fever; X-ray examinations revealed 
either no evidences or onl}'' slight evidences of pneumonia. The normal control 
monkey became sick, refused to eat, lost weight, became very weak, and had fever; 
X-ray pictures showed extensive pneumonia. The results of the experiment are 
graphically portra3''ed in Text-fig. 2 and are summarized in Table I. 

The results of the experiment just described in detail and those of 5 
other experiments summarized in Table I clearly indicate (1) that 
repeated intramuscular injections of active psittacosis virus in monkeys 
are relatively harmless and (2) that such injections produce in monkeys 
a heightened resistance to active psittacosis virus introduced intra- 
tracheally. 

Neutralizing Antibodies in the Sera of Vaccinated Monkeys 

In addition to the demonstration of the fact that repeated intra- 
muscular injections of active psittacosis virus lead to an increased 
resistance of monkeys to the active agent it seemed important that 
we determine whether such treatment is also followed by the appear- 
ance of neutralizing antibodies in the sera of vaccinated animals. To 
this end 8 monkeys were bled before the injections of virus w^ere begun 
and again a month or more after their completion. The sera taken 
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before and after immunization were tested at the same time for their 
ability to neutralize psittacosis virus. Four sets of animals, 2 in each 
group, were handled in this manner, and the results obtained with one 
set will be given in detail. 

Monkeys 13 and 14 were bled and the sera were pooled and placed in the ice box. 
Then the animals received 5 weekly intramuscular injections of active psittacosis 
vims in the manner described in the preceding section of the paper. 33 da3"S after 


TABLE ni 

Summary of Neutralization Test Which Shou's That Vaccination of Monkeys against 
Psittacosis Leads to the Appearance in Their Sera of Neutralizing Antibodies 


Dilation of 

Ko. of mice 

Xo. of 

Percentage 

Day of deaths 

Average 
line 
of death 

Ncutraliaa- 

virus 

inoculated 

dcatlis 

of deaths 

, lion index 

Serum before immunization 4- virus diluUons 

10*^ I 

4 1 

4 


6, 6, 6, 7 




4 ' 

4 ! 


7, 7, 7, 7 

i 


lo-^ 

5 

5 


S, 9, 9, 9, 13 



10-* 

5 

4 


8, 8, 11, 13 




18 

17 

94 


8.3 

11.3 


Serum after immunization -f- virus dilutions 


10-* 

10~« 

10-* 

5 

5 

5 

5 

2 

! 5 

2 

1 


7,8 

9, 10, 10,11,11 

9, 13 

13 




20 

10 

SO ^ 


10.1 ' 

4.9 


Neutralization index = percentage of deaths di\nded by average time of death. 


the last injection the animals were bled again and the sera were pooled and inacti- 
%*atcd at 56°C. for a half an hour. A neutralization test was made with the sera 
taken before and after immunization. The results of the experiment are sum- 
marized in Table III and Tcxt-fig. 3. 

The results of the above experiment and of 3 others summarized in 
Table I clcarK" indicate that repeated intramuscular injections of psit- 
tacosis \drus led to the appearance of neutralizing antibodies in the 
sera of the vaccinated monkoj-s. 
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Text-Fig. 3. Graphic portra 5 '^al of the results of a neutralization experiment 
showing that vaccination of monkeys against psittacosis leads to the appearance of 
neutralizing antibodies against the virus in their sera. 


Immunity in Man to Psittacosis 

Before proceeding with the vaccination of man against psittacosis 
it seemed advisable to look for evidence in regard to whether an attack 
of the disease protects a human being against reinfection or leads to 
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the appearance of antibodies in the serum of a recovered indi\ddual. 
In the published reports no instances were found in which psittacosis 
attacked the same individual more than once. This fact, however, 
is not significant, because the attack rate of the disease is so low that 
one might not expect a second attack to occur in the same person even 
though an immime state did not result from the first one. In regard 
to the presence of antibodies in the sera of human beings convalescent 
from psittacosis Bedson (6) has shown that weak complement-fixing 
antibodies may be foimd. In previous work of ourselves (7) and of 
Bedson (6) few if any neutralizing antibodies were demonstrated in 
human convalescent serum. With our unproved neutralization test, 
however, we decided to see whether we could obtain different results. 

Neutralization tests were made on sera from 26 individuals. !Many 
of the sera were tested several times and frequently two or more speci- 
mens of serum were obtained from an individual. Of the 26 people, 
14 gave no histor}" of ha\dng had psittacosis, while 12 either had had 
or were suspected of ha\'ing had the disease 1 month to years pre- 
viously. Of the 14 indi\dduals with a negative history, 2 possessed 
and 12 did not possess demonstrable neutralizing antibodies in their 
sera. Of the sera from the 12 people with a positive or questionable 
history of psittacosis, 7 had no demonstrable neutralizing antibodies, 
1 gave questionable results, and 4 were able to neutralize appreciable 
amounts of virus. The results of this work which is shcwm in the sum- 
mar}^ of 16 experiments in Table IV reveal the fact that the neutraliza- 
tion test is not a veiy reliable one for the diagnosis of psittacosis in 
retrospect. However, inasmuch as many of the indi\dduals had 
recovered from the disease several years before the tests were made, 
and since it is a well recognized fact (8) that seasoned bird handlers 
are less likely to contract psittacosis than are no%dces in the trade, we 
were not discouraged but proceeded vith the vaccination of human 
beings. 


V accinaiion of Human Beings against Psittacosis 

In approaching the problem of vaccination of human beings against 
psittacosis we decided that only volunteers would be vaccinated and 
that the first volunteer must be a physician who had not had the dis- 
ease and who had no neutralizing antibodies for the \inis in his serum. 
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-h indicates that the scram neutralized the virus. 

— indicates that neutralization of the vinis did not occur. 

Neutralization index percentage of deaths divided by average time of death. 




















TABLE IV — Concluded 
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Text-Fig. 4 — Continued on Next Page 




THOilAS ir. Rr\TERS AND FRANCIS 


r. SCHWENTKER 


229 




230 


VACCINATION AGAINST PSITTACOSIS 


It was further decided that, inasmuch as the period of vaccination is 
5 or 6 weeks, during wliich time the indi\ndual might have a cold, the 
procedure must be safe even mider such circumstances. A suitable 
volunteer presented himself and we waited until he developed a com- 
mon cold accompanied by a bronchitis before proceeding with the 
vaccination. As a control another volunteer, a physician, who had 
had psittacosis years previously and who had neutralizing antibodies 
for the virus in liis serum was also subjected to vaccination. 

Serum was collected from the volunteers before the inoculations of virus were 
begun. Then each individual received 6 weekly intramuscular inoculations of 
active psittacosis virus. The amounts of virus and the order of their administra- 
tion were 0.5 cc. of the following dilutions of 10 per cent emulsions of livers and 
spleens of infected mice: 1 : 1000, 1 :500, 1 :200, 1 : 100, 1 :20, 1 : 10. The first and 
last inoculums contained sufficient virus to kill 10,000 and 10,000,000 mice respec- 
tively. 1 and 2 weeks after the first injection and 2 and 4 weeks after the last 
inoculation specimens of serum were collected from each individual for neutrali- 
zation tests. 

The intramuscular injections of psittacosis virus into the two volun- 
teers resulted in no considerable ill effects. The details of the experi- 
ment are shown under Cases 1 and 2 in Text-fig. 4. The person (Case 
1) who had not had psittacosis previously had two chills accompanied 
by a fever of short duration after the second inoculation. The neu- 
tralization indices of the sera taken before, during, and after vaccina- 
tion are recorded in Table IV (Case 1 of Text-fig. 4 is Individual 7 
of Table IV, and Case 2 is Individual 2) and plotted in Text-fig. 4. 
The results of the neutralization tests on specimens of serum collected 
from Case 1 are more fully detailed in Table V and are grapliically 
portrayed in Text-fig. 5. It is evident from the results of these tests 
that neutralizing antibodies either appeared or increased in amount 
as the result of vaccination. 

While the work was in progress we had the opportunity to determine 
what effect one injection of a moderate amount of active virus would 
have on an individual who had had psittacosis 34 years previously 
and who had no neutralizing antibodies in liis serum. Blood was col- 
lected and then 0.5 cc. of a 1:100 dilution of a 10 per cent emulsion 
of livers and spleens from infected mice was given intramuscularly. 
Specimens of blood were again collected 1 and 2 weeks after the inocu- 
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lation. In Text-fig. 4 (Case 3), Table W (Individual 11), and Text- 
fig. 6 the results are shown. The inoculation led to no more than a 



Text-Fig. 5. Graphic portra>*al of the results obtained in a neutralization test 
on specimens of scrum collected from Case 1 before, during, and after \'accination 
against psittacosis. 

slight discomfort in the indixndual but induced neutralizing antibodies 
to appear rapidly in his scrum. In this instance the response had the 
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TABLE V 


Summary of a Ncuiralizaiion Test Which Shows That Vaccination of a Human Being 
{Case 1) against Psittacosis Led to the Appearance of Neutralizing Antibodies 

in His Seru?n 


Dilution of 

No. of mice 

No. of 

Pcrccntapc 

Day of deaths 

Average 

nmug 

virus 

inoculated 

deaths 

of deaths 

time 
of death 



Scrum before immunization + virus dilutions 


10-5 

10-5 

10-7 

10-8 

5 

5 

5 

5 1 

5 

5 

4 

3 


7, 7, 7, 7, 9 

8, 8, 8, 9, 9 

9, 9, 12, 12 

11, 12, 13 




20 

17 

85 


9,2 

9.2 


Serum 1 wk. after 1st injection + virus dilutions 


10-5 

10-5 

10-7 

10-s 

5 

5 

5 

5 

5 

5 

4 

2 


7, 8, 8, 9, 12 

7, 8, 9, 9, 9 

8, 10, 11, 13 

13, 15 




20 

16 

80 


9.8 

8.2 


Serum 1 wk. after 2nd injection + virus dilutions 


10-5 

10-5 

10-7 

10-5 

5 

5 

5 

5 

5 

5 

4 

2 


6, 7, 7, 8, 9 

8, 8, 9, 9, 9 

8, 9, 9, 13 

9, 15 




20 

16 

80 


9.0 

8.9 


Serum 2 wks. after 6th injection + virus dilutions 


10-5 

10-5 

10-7 

10-5 

5 

5 

5 

5 

5 

4 

2 

0 


8, 9, 9, 9, 13 

9, 10, 11, 11 

10, 15 




20 

11 

55 


10.4 

5.3 


Serum 4 wks. after 6tli injection + virus dilutions 


10-5 

10-5- 

10-7 

10-5 

5 

5 

5 

5 

5 

3 

2 

0 


8, 9, 10, 11, 13 

9, 9, 11 

13, 14 




20 

10 

50 


10.7 

4.7 
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characteristics of a secondary rather than a primary reaction to an 
antigen. This finding leads us to believe that individuals vho have 



Text-Fig. C. Graphic portrayal of the results obtained in a ncutralLzation test 
on specimens of serum collected from Case 3 before and after one intramuscular 
injection of psittacosis \'irus. 

had psittacosis possess an appreciable degree of immunity even though 
they have no demonstrable antibodies in their sera. 

Four other volunteers, three laboratory hoys and one physician 
(Cases 4. 5, 6. and 7 of Te.xt-f]g. 7 which arc respectively Indhnduals 




234 VACCINATION AGAINST PSITTACOSIS 




Thomas m. rtv^us 


AKD FjRAXCIS F . 


schm-entker 


235 



236 


VACCINATION AGAINST PSITTACOSIS 


6, 5, 26, and 25 of Table IV), have been vaccinated in a manner 
similar to that described for Cases 1 and 2, Cases 4 and 5 received 



Text-Fig. 8. Graphic portrayal of the results obtained in a neutralization test 
on specimens of serum collected from Case 4 before, during, and after vaccination 
against psittacosis. 

5 weekly injections of 0.5 cc. of the following dilutions of 10 per cent 
emulsions of infected livers and spleens: 1:1000, 1:500, 1:100, 1:20, 
1 : 10, For Cases 6 and 7 the following dilutions were used : 1 : 500^ 
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1:500, 1:100, 1:50, 1:10. The individuals suffered no marked ill 
effects from the injections. In two instances (Cases 4 and 5), however, 
chills and fever similar to those that occasionally occur after typhoid 
vaccination were experienced following the last inoculation. The 
results of the neutralization tests shown in Table IV and Text-figs. 

7 and 8 clearly indicate that neutralizing antibodies also appeared 
in the sera of these volunteers as the result of vaccination. 

DISCUSSION 

The results of our work indicate that when psittacosis \drus produces 
a pneumonia in man its portal of entry is the upper respiratory^ tract. 
The fact is plain that man is very unlikely to contract psittacosis 
pneumonia as the result of the subcutaneous or intramuscular intro- 
duction of active virus. It is not knonm whether the indiAdduals who 
have received repeated intramuscular injections of active virus pos- 
sess an increased resistance to psittacosis in addition to the neutraliz- 
ing antibodies in their sera, and, if they’’ do possess such a heightened 
resistance, there is no eridence in regard to the length of time they' null 
retain it. Nevertheless, in \dew of the results obtained with monkey's, 
one is justified in assuming that a certain degree of protection against 
psittacosis was afforded the human volunteers by means of vaccination. 
Protection of an indiridual by means of the introduction of an active 
infectious agent through a portal of entry- other than the one used in 
nature is an old and established procedure. For instance, variolation 
was employed for many' years as a protective measure against smallpox. 

SUMiURY 

^lonkcys that have recovered from psittacosis pneumonia have an 
increased resistance to infection with the rirus and possess neutraliz- 
ing antibodies in their sera. 

Large amounts of active psittacosis \'irus can be introduced intra- 
venously and intramuscularly into monkey's vdthout the production 
of a serious infection such as pneumonia. Relatively small amounts 
of rirus introduced intratrachcally into monkeys usually lead to 
psittacosis pneumonia. 

Monkeys vaccinated intramuscularly vrith unattenuated psittacosis 
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virus have an increased resistance to the active agent and possess 
neutralizing antibodies in their sera. 

The intramuscular introduction of active psittacosis \drus in moder- 
ate amounts into human beings is relatively harmless, and repeated 
inoculations lead to the appearance of neutralizing antibodies in the 
sera of vaccinated individuals. 
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BIOCHEMICAL STUDIES ON THE FIBRINOLYTIC ACTHTTY 
OF HEMOLYTIC STREPTOCOCCI 

I. Isolation and Characteiozation or Fibrinolysin 


By R. L. garner,* Ph.D., and WTLLIAM S. TTLLETT, M.D. 

{From the Biological Division of the Department of Medicine, The Johns Hopkins 
Medical School, Baltimore) 

(Received for publication. May 31, 1934) 

The fibrinolytic activity of hemolytic streptococci designates the 
capacity’' of cultures of the organisms to liquefy rapidly human fibrin 
clot (1). The lytic action is referable to the presence in the culture of 
an extracellular substance, characteristically elaborated by those 
strains of hemolytic streptococci which are derived from patients 
suffering with acute streptococcus infections. 

Investigation of the phenomenon has included studies concerning 
the mechanism involved in the reaction and consideration of a possible 
relationship to the more general problem of infection and resistance (2). 

The biochemical studies to be described in this and the succeeding 
communication deal with two aspects of the phenomenon. This report 
is concerned with the isolation and characterization of the active 
fibrinolytic principle elaborated by the organisms. Methods are 
described by’' which the lytic substance may^ be removed from culture 
filtrates, concentrated, and partiall}^ purified. Some of the physical 
properties of the active preparations are described. 

The second paper (3) deals with the biochemical action of the lytic 
substance and the nature of the end-products. 

The phenomenon of fibrinoly'sis induced by' the bacterial agent 
consists of a rapid change of fibrin from its solid clotted form to a 
soluble substance. The transformation, therefore, as it occurs in 
vitro, is readily visible, since the coagulated gel is not disturbed by in- 
version of the test tubes and the process of liquefaction converts the 

* John D. Archbold FcIIo'.v in Medicine, Department of Mcdidnc. 
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dot to a limpid solution. The end-point of a fibrinolytic test is 
established by determining the occurrence of complete dissolution. 

• Throughout the study, the length of time necessary to effect lique- 
faction is employed as a rough quantitative measure of the amount of 
fibrinolytic substance present in a test preparation of bacterial ma- 
terial. For example, when one sample liquefies a given amount of 
fibrin in 2 minutes and another sample requires 1 hour to dissolve the 
same amount of fibrin, this difference in time is used as a relative 
measure of fibrinolysin in the two preparations. Furthermore, when 
0.001 cc. of one sample causes lysis Just as quickly as does 0.5 cc. of 
another sample, the former preparation is deemed to contain more 
fibrinolytic substance than the latter. The complications involved 
in measuring quantity on the basis of time are appredated but the 
method is, nevertheless, applicable to the purpose of the experiments 
which follow. 


Materials and Methods 

In the earlier report (1) it was demonstrated that when fibrinogen, chemically 
isolated from human plasma, was clotted mth preparations of thrombin, also 
derived from human blood, b^sis occurred with extraordinary rapidity. For the 
purposes of the experiments with which this study is concerned, it has been advan- 
tageous to use fibrinogen and thrombin solutions, thus eliminating some of the 
fractions of whole blood, which do not participate in the reaction. 

It has also been demonstrated (1) that, even though rabbit plasma clot is 
resistant to dissolution, rabbit fibrinogen, when coagulated with human thrombin, 
forms a fibrin substrate which is highl}’^ susceptible to l.vsis. Rabbit fibrinogen- 
human thrombin combinations have been found to be uniformly satisfactory in 
tests concerning the activity of the fibrinotytic substance and have been regularly 
employed for this purpose. 

Fibrinogen and Thrombin Solution , — ^The fibrinogen and thrombin solutions 
were prepared according to the methods described in the earlier report (1). 

Cultures, — K strain of beta hemol 3 ^tic streptococcus, designated Co, has been 
employed in these studies. The organism was grown in beef infusion broth which 
contained 2 per cent NaCl, 1 per cent peptone, and 0.05 per cent dextrose. The 
broth was adjusted to pH 7.6 but did not contain additional buffers. Incubation 
of the culture was carried out for 14 to 18 hours. At the end of the incubation 
period the culture was centrifuged and the supernatant fluid was filtered through 
a Berkefeld Type V candle. The sterile filtrate was then tested for fibrinolytic 
activity in the manner described below. Only highly potent material was used. 

Description of Test , — Titration consisted in testing the potency of progressive 
dilutions of material containing streptococcal fibrinolysin. The test for the 
fibrinolytic potency of a preparation, unless otherwise stated, w^as carried out as 
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ioUovrs: To a series of appropriate dilutions of the test solution suffirient phj^io- 
logical saline solution was added to bring the volume of each to 0.7 cc. 0.2 cc. of a 
solution of rabbit fibrinogen was added and thoroughly mixed. Then 0.1 cc. of a 
human thrombin preparation was added as rapidly as possible after the introduc- 
tion of fibrinogen, and each tube was well shaken. The test was then placed in the 
water bath at 37.5°C. and the time of coagulation and liquefaction of each clot 
was recorded. WTien fresh preparations were employed the coagulation time, 
determined in the usual manner by inverting the tube, rarely exceeded one minute. 
All solutions were warmed to room temperature prior to using them in a test. 

Other technical procedures are given in the body of the report according to the 
type of experiment which was performed, 

Isolaiiony Conceniralion, and Pariial Purification of the Fibrinolysin of 

nemolylic Streptococci 

The fact that the streptococcal fibrinolysin is copiously present in 
the cell-free Berkefeld filtrates of broth cultures of hemolytic strepto- 
cocd has greatly facilitated studies of the active principle. In the 
experiments to be described, therefore, highly active, sterile filtrates 
were always utilized, thus excluding the possible complications asso- 
ciated with the growth and metabolism of living cells. 

Four methods have been used for the purpose of isolating and con- 
centrating the active fibrinolytic principle. They are: (a) concentra- 
tion under reduced pressure; (6) precipitation with organic solvents; 
(c) concentration by vacuum dialysis; (d) specific adsorption and elu- 
tion. 

(a) Concenfraiion under Reduced Pressure . — 400 cc. of active culture filtrate 
were concentrated in vacuo. During the distillarion the water bath was maintained 
at 40°C., and the vacuum was obtained with an oil pump. The receiver was cooled 
in an icc-salt bath. Under these conditions the volume of filtrate was reduced to 
40 cc. in 4 hours at which time the operation terminated. The tenfold conccn- 
iralc, which was deeply colored, was then tested for fibrinolytic activity and its 
potcnc\' compared with that of the original solution. The results arc as follows: 


Dilution cf c< 

OJ 

0.1 

j 

1 o.oi 

0.01 

1 

' O.GOS 

1 



Onginal fjltralc 

ntw. 

2* 

rttn. 

5 i 
2 

nin. 

10 

2 i 

rttn. 

31 

9 

ntn. 

45 

27 

rttn. 1 

frin. 

Conccnlmtc . 

2 

40 

63 

Cor.ccnlnite (r,fttr 24 hrs.) 

5 

7 

45 ‘ 




• In the tabulations, figures indicate not only that dissolution occurred but 
abo the number of minutes required for l\*sis; the s>*TnboI (— ) indicates that no 
lysis occurred in 2 hours. 
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From these results it can be seen that not only has the concentrate 
retained its activity after the treatment but that a definite increase, at 
least fivefold, has been obtained. The potency of the preparation did 
not remain constant and an appreciable decrease in titer was observed 
after storage for even so short a time as 24 hours in the ice box. Al- 
though the results of these preliminary experiments indicate that 
concentration may be effected under reduced pressure, the instability 
of the product prepared in this manner has rendered its use impractical. 
Consequently, the method has not been regularly employed. 

(b) Prccipiiaiton with Organic Solvotis , — ^The fibrinolytic principle, together 
with other organic materials and inorganic salts, was precipitated when the culture 
filtrate was treated with several volumes of either acetone, method alcohol, or 
ethyl alcohol. The latter precipitant has been regularly emplo 3 ''ed. The pro- 
cedure was as follows: 

Active culture filtrate, 750 cc,, was cooled to O^C. in an ice-salt bath. Three 
volumes of cold 95 per cent alcohol (2,250 cc.) were slowty added with constant 
stirring. The mixture was permitted to stand at 0°C. for an hour. The material 
readily flocculated and was collected by centrifugation. The grey colored precipi- 
tate was stirred with ice-cold absolute alcohol, transferred to a small Buchner 
funnel, and washed alternately with cold absolute alcohol and cold anh 3 '“drous 
ether. After a final washing with ether the amorphous material w^as dried in a 
vacuum desiccator which contained phosphoric anh 3 ^dride and chips of paraffin. 
When thoroughly dry, the material was ground to a fine powder and w^as stored over 
CaClo. The yield was 1.88 gm. of solid substance from 750 cc. of culture filtrate, 
or approximately 2.5 mg. per cc. 

The dry preparation of the fibrinob'^tic substance dissolved slowly but com- 
pletely in physiological saline and in dilute acid pH 6.0. Solution in ii/20 phos- 
phate buffer, pH 8.0, left a small amount of insoluble residue which w^as, how^ever, 
shown to contain none of the fibrinolytic principle. A solution prepared b 3 ’’ dissolv- 
ing 2.5 mg. of the dry powder in m/20 phosphate-buffered physiological saline, pH 
7.2, was tested for fibrinolytic activit 3 ^ and compared to the original filtrate. In 
addition, a more concentrated solution containing 10 mg. per cc. w'as prepared and 
tested. The results were as recorded; 


Dilution of solution, cc 

0.5 

0.05 

0.005 

0.0025 

O.OOl 


tnitt. 

mm. 


min. 

min. 

Original filtrate 

6 

5 


— 

— * 

Dry preparation, 2.5 mg. per 1 cc 

3 

1 ^ 

9 



nc 

Dry preparation, 10 mg. per 1 cc 

2 

5 

1 

41 

iO 
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From these results it is seen that practically aU of the fibrinolysin is 
precipitated by treatment of active culture filtrates with alcohol. 
The activity of the dry preparations is readily demonstrated by testing 
appropriate solutions of the precipitate. Thus, a solution whi(± con- 
tained the dry material in a concentration approximately equivalent 
to that of the original culture filtrate (calculated upon the basis of the 
yield) compared favorably with the latter in respect to fibrinolytic 
potency. A more concentrated solution of the dr}’- material was pro- 
portionally more potent in promoting the dissolution of the fibrin 
clots. Since the solubility of such a dry preparation is relatively low, 
the precipitation method has not proved to be of particular value from 
the point Of -view of the concentration of the fibrinolysin. The method 
is useful, however, as a means of obtaining a quantity of active ma- 
terial for preservation in the dry state. The stability of the prepara- 
tions is shown by the fact that material stored for 11 months in a 
desiccator at room temperature lost none of its original potenc}'. 

Although consistently highly active, the more concentrated solu- 
tions of the dry preparations have occasionally inhibited the coagula- 
tion of plasma by CaCb. This inhibition may be attributable to the 
presence, in the fibrinolytic preparation, of peptone, which has been 
variously reported to possess anticoagulant properties, hlany prep- 
arations have been obtained, however, not ha-ving an anticoagulant 
efiect. 

(c) Conccniration by Vacuum Dialysis . — Active cult-ure filtrate, 750 cc., was 
placed in a vacuum dialyzer similar to the apparatus described by Simms (4), 
Dialysis against distilled water under a negative pressure of 40 cm. of mercury was 
permitted to proceed for 20 hours. During this time the volume of the filtrate was 
reduced to 25 cc. The solution was tested for fibrinolytic actirity, and compared 
with the original filtrate. The results were as follows; 


DHalion of tolullon, 

0.5 

0 05 

0.005 

0.0CO5 

ODOOl 


rzin. 

nin. 


rtin. 

rtifi. 

Oripnnl fillnile i 

7 

8 


— 

— 

Concentrated 

2 

2 

mSm 

27 

76 

Conccnlraied (7 da\’5 old) 

2 

2 

■1 

5S ! 

95 


As can be readily seen, concentration was even more successful by 
tliis mcUiod than by the use of reduced pressure (vacuum distillation). 
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Furthermore^ the solution, stored in the ice box for a week, did not de- 
crease appreciably in titer. The stability of the solution over a longer 
period was not tested. 


{d) Specific Adsorption and Elution, — A variety of inert materials were tested 
for the property of specific adsorption of the fibrinolytic principle from culture 
filtrates. Among these kaolin, talcum, charcoal, and the diatomaceous earths 
were without effect. It was possible, however, to obtain specific adsorption of the 
active principle upon alumina. The pob^aluminum hydroxide B of Willstatter (5) 
has proved of particular value for this purpose. 

Active culture filtrate, 2,500 cc., was intimately mixed with the aluminum hy- 
droxide gel prepared from 250 gm. of aluminum sulfate (Alo(S04)3- 18 HsO). The 
mixture was incubated at 37.5°C, for an hour, during which time it was frequentl}^ 
stirred. The alumina was removed by centrifugation. That adsorption had taken 
place was indicated by the fact that the supernatant fluid, when properly tested, 
possessed no fibrinolytic activity. The alumina was then suspended in 1,000 cc. of 
physiological salt solution, thoroughl}’- stirred, and centrifuged. The supernatant 
saline solution contained a considerable amount of pigment but was shown by 
test to have extracted none of the fibrinolytic principle. The washing of tlie gel 
was repeated twice with ph 3 ^siological salt solution and twice with distilled water. 
The alumina was then thoroughl}?' triturated with 500 cc. of a m/10 phosphate 
buffer solution which was prepared by dissolving 35.8 gm. of NaoHPO^ • 12 HoO in 
950 cc. of distilled water, adjusting the pH to 7.3 b}'' the careful addition of a little 
concentrated HCI, and diluting to a volume of 1,000 cc. The alumina suspension 
was incubated for 1 /2 hour at 37.5°C. and was centrifuged. The supernatant fluid 
was highly active in promoting the dissolution of the fibrin. The second and third 
elutions were carried out in the same manner. The fourth elution fluid contained 
only a trace of the fibrinolytic active substance and was discarded. The first, 
second, and third elution fluids were combined and filtered through a Berkefeld 
filter. The clear, higlily active eluate contained in 1,500 cc. was then concentrated 
in the Simms diatyzer to a volume of 50 cc. Since tlie diab’^sis required approxi- 
mately 16 hours, sterility was insured by the addition of a little toluene 
before beginning the procedure. The resulting clear, slightly brown con- 
centrate was tested for fibrinolytic potenc}^ and compared to the original culture 
filtrate. 

A 5 cc. portion of the concentrate was evaporated to dr 3 mess in vacuo over 
phosphoric anhydride. The product, dark brown scales, dissolved readity in 5 
cc. of physiological salt solution and was tested for tlie fibrinolytic activity in tlie 
usual manner. A summary of the tests carried out upon tlie various solutions 
which were obtained during the experiment is presented below: 
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Preparation 

Xo. 


0.5 

0.05 

0.C05 

0.001 

0.0003 

0.0001 

I 

Original filtrate 

ir.in. 

7 

TTtin. 

s 

nin. 

; 36 

B 

TKin. 

: rzzr^ 

n 

Preparation I, adsorbed 

^91 

— 


B 

— 

— 

HI 

Saline washing 


; — 

— 

B 

— 

— 

JV 

Elution 1 


i 4 

15 

50 

— 

— 

V 

Elution 2 


2 

8 

34 

63 

— 

Yl 

Elution 5 

6 1 

9 

41 ! 

— 

— 

— 

Yll 

Elution 4 

15 

— 


— 

— , 

— 

vm 

Combined Elutions 1, 2, 3 

2 

2 

8 

57 

54 

— 

JX 

Preparation VIH; concentrated 

2 

2 

5 

16 

23 

64 

X 

Preparation IX; stored 14 days 

2 

2 

7 

20 

35 

50 

XI 

Preparation XX; dried, redissolved 

2 

2 

6 

19 

25 

55 


The adsorption of the fibrinolysin upon the alumina and the appli- 
cation of appropriate elution and concentration processes resulted in 
the most potent preparations of the fibrinolytic principle 'which have 
thus far been obtained. Although the method of comparing the solu- 
tions by titer cannot be considered accurately quantitative, inspection 
of the results indicates that the various steps in the procedure may be 
performed with but little loss of the active material originally present 
in the filtrate. 

Throughout the experimental w'ork which has been described it was 
frequently obseiwcd that different culture filtrates varied in their 
content of fibrinolysin. The difference w’as not apparent w'hen 0.5 
cc. of the filtrate w^as tested but became increasingly manifest when 
higher dilutions of the active filtrate w^ere used. The fact becomes 
important when the potencies of the various preparations of the fibrin- 
olysin are to be compared. An experiment was therefore carried out 
in which the three most favorable methods of concentration were 
applied to portions of the same culture filtrate. The results of the 
c.xpcrimcnt arc presented in Table I. 

The above experiment, which was carried out with a single culture 
filtrate, leaves no doubt that the active fibrinolytic principle of hem- 
olytic streptococci may be successfully concentrated. 

Properties of the Fihrinolyllc Principle 

Effect of 11 cat on Fibrinolysin . — The resistance of the streptococcal 
lll>rinolysin to thermal inactivation has been found to be conditioned 
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by several factors relating to the test material. The e-xperiments 
have, therefore, been carried out not only with culture filtrates, but 
also with concentrated preparations isolated by the methods just 
described. A summary of the results of a series of heating experi- 
ments is presented in Table II. 

TABLE I 

Comparison of Different Preparations of the Fibrinolytic Principle from Culture 

Filtrate 110 


Amount of preparation 


No. 

Preparation 

0.5 cc. 

' 

si 

o 

0.05 cc. 

0.01 cc. 

0.005 cc. 

0.0025 cc. 

1 "■ 

o 

o 

d 

0.0005 cc. 

0.00025 cc. 

0.0001 cc. 

I 

Original culture filtrate 

min. 

♦7 

mm. 

8 

mm. 

8 

mm. 

22 

min. 

36 

mm. 

min. 

min. 

min. 

min. 

II 

I, alcohol precipitate, 2.5 

3 

5 

8 

21 

32 

— 

— 

— 

— 

— 

III 

mg. per cc. 

I, alcohol precipitate, 10 

2 ! 

2 ! 

2 

8 

16 

22 

38 

. — 

— 


IV 

mg. per cc. 

I, concentrated and dialyzed 

2 1 

2 

2 ! 

4 

4 

7 

18 

27 1 

41 

76 

V 

First elution from ad^ 

2 

1 2 

1 4 

1 9 

i 15 

1 38 

50 

— 

— 

— 

VI 

sorbed I 

1 Second elution from ad- 

2 

2 

2 

5 

8 

25 

34 

63 





VII 

sorbed I 

Third elution from ad- 

6 

9 

9 

IS 

41 



-- - 







VIII 

sorbed I 

V, VI, and VII, combined, 

2 

2 

2 

4 

5 

9 

16 

23 

34 

64 

IX 

concentrated 

VIII, dried and redissolved 

2 

2 

2 

4 

6 

8 

19 

25 

40 

55 


All tubes incubated in water bath at 37,5°C. 

* In Tables I to IV, figures represent time in minutes of interval between clot 
formation and complete liquefaction; the symbol ( — ) indicates that no liquefaction 
occurred in 2 hours. 

From the data presented in Table II it is apparent that the fibrin- 
olysin contained in the broth filtrates and in the adsorbed, eluted, and 
concentrated preparations, is particularly resistant to thermal inacti- 
vation. In interesting contrast to this is the fact that the activity of 
solutions of the alcohol-precipitated material is heat-labile, being 
partially inactivated after exposure to a temperature of 57°C. for 2 
hour, and completely destroyed after 1 hour at this temperature. 



TAULK II 
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The reason for the abrupt change in thermal stability following 
precipitation by alcohol is not clear. The fact that the more potent 
and, probably, much purer preparations, obtained by the adsorption 
process, are heat-stable, appears to more closely reflect the correct 
characterization of the librinolysin. 

In studies on the effect of heat on the librinolysin, different samples 
of filtrates have not always given results identical with those presented 
in Table II, especially when higher temperatures were used. Conse- 
quently, the experiments were repeated vdth special consideration 
being given to the hydrogen ion concentration of the solutions. 

Procedure , — Freshly prepared broth was inoculated 'unth streptococci and 
incubated for 14 hours. The culture was filtered and four IS cc. portions of the 
filtrate were adjusted to pH 5.5, 6.5, 7.5, and 8.5, respective!}’’, with accurately 
measured volumes of n/10 HCl and n/10 NaOH. The tubes were placed in .the 
water batli at 37.5°C. Similar series of preparations were incubated at tempera- 
tures of 57°, 75°, and 100°C. (boiling water bath). At intervals of 30 minutes, 1 
hour, and 2 hours a test portion of each solution exactly equivalent to 2.5 cc. of 
the original culture filtrate was vithdravm, cooled rapidly to room temperature, 
and carefully neutralized with, a predetermined volume of n/10 NaOH or n/10 
HCl. The test portion was then accurately diluted to a volume of 5 cc. witli m/20 
phosphate buffer, pH 7.3. Each test solution thus represented a 1 in 2 dilution of 
the original filtrate. The various solutions were tested at once against the usual 
rabbit fibrinogen-human thrombin clots. The results of the experiment are pre- 
sented in Table III. 

From Table III it is evident the potency of the culture filtrate is 
appreciably decreased only upon exposure to temperatures of 75 - 
100°C. At these temperatures the hydrogen ion concentration of the 
solution is an important factor in the thermal destruction of the fibrin- 
olytic agent. Thus, at pH 5.5 and 8.5 it is seen that the fibrinolytic 
agent is almost completely destro 3 ^ed by exposure to a temperature of 
100°C. for a period of § hour. In solutions at a pH of 6.5 to 7.5, 
however, the potency of the active substance is decreased only upon 
longer exposure to this temperature. 

Even though the results presented in Tables II and III indicate im- 
portant factors (method of isolation, and pH) which determine heat 
stability of fibrinolysin, still other minor discrepancies may be en- 
countered. These latter variants are not yet understood, but seem to 
be associated with age and composition of the culture medium. 



TABLE III 

Io,i Coiicclralion of Culture Filtrates on Thermal Inactivation 
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It may be seen, therefore, that the problem of thermal inactivation 
is not simple, but the experiments just described serv^e to characterize 
the lytic agent as heat-stable. 

Effect of Proteolytic Enzymes upon the Fihrinolysin , — In view of the 
fact that the solutions of the librinolysin invariably gave a positive 
biuret protein test, it was considered of interest to determine the action 
of proteolytic enzymes upon the active fibrinolytic principle. For 
this purpose trypsin and papain have been employed. 


TABLE TV 

Action of Trypsin and Papain upon the Fibrinolysin 


Preparation 

Duration of 
incubation 

Amount of preparation 

0.5 cc. 

0.1 cc. 

0.05 cc. 

Fibrinolysin -j- saline (control) 

None 

viin, 

3 

min, 

8 

min, 

12 

Fibrinob^sin -h saline (control) 

30 min. 

3 

7 


Fibrinolysin + saline (control) i 

1 hr. 

0 


11 

Fibrinolysin -p trypsin 

None 

4 


14 

Fibrinolysin tiypsin 

30 min. 

17 




Fibrinol3^in -f- tr3^sin 

1 hr. 





Fibrinolysin -f- papain * 

None 

4 

9 

12 

Fibrinolysin -f* papain 

30 min. 


25 

87 

Fibrinolysin -}- papain 

1 hr. 












All tubes incubated in water bath at 37.5°C. 


Procedure. — Dry, alcohol-precipitated fibrinolytic material was dissolved in 
m/20 phosphate buffer of pH 7.0. To 4 cc. of this solution was added 1 cc. of a 
0.05 per cent solution of commercial tr 3 ^sin. A similar preparation contained 1 
cc. of a 0.05 per cent solution of papain in place of the tr}T)sm. The papain had 
been previously activated by a trace of HCN. A control solution was prepared by 
adding 1 cc, of ph 3 ’’siological salt solution to 4 cc. of the fibrinol 3 ’’tic solution. The 
mixtures were incubated at 37.5°C. Portions of each mixture were withdrawn at 
intervals of 30 minutes and 1 hour and tested in the usual manner. The results of 
the test are shown in Table IV. 

From Table IV it is seen that both trypsin and papain rapidly and 
completely inactivated the fibrinolysin. This result, considered in 
connection with the facts that the fibrinolysin is non-dialyzable and 
is readily adsorbed upon alumina, strongly suggests tlaat the active 
fibrinolytic principle may be protein in nature. Tliis possibility 
















R. L. GAEKER AKD WILLIAM S. TILLETT 


251 


corresponds to certain recent developments in enzjnne chemisti^^ 
whidi have shown that at least three enzymes, urease, pepsin, and 
trypsin, are proteins (6). 

Demonstration of the Fibrinolytic Prhiciple m Reaction Mixtures . — 
The following experiments were carried out to determine whether 
or not the fibrinolytic principle is adsorbed by the dissolved fibrin and 
is demonstrable in the presence of the reaction products. 

Procedure. Experiment /. — ^To 0.2 cc, of rabbit fibrinogen, diluted with 0.2 ca 
of physiological saline, 0.5 cc. of a fibrinoh-tic preparation was added, the actirity 
of which had been shown by titration to be such that 0.0001 cc. caused dissolution, 
in a usual test in 50 minutes. This mixture was placed in a water bath at 37.5® C. 
and coagulation was induced by the immediate addition of 0.1 cc. of human 
thrombin. The time at which coagulation was complete and the inten’al in minutes 
between coagulation and liquefaction of the dot were recorded. Immediately 
after liquefaction of the dot 0.5 cc. of the mixture was withdrawn and added to a 
tube which contained 0.2 cc. of human fibrinogen and 0.2 cc. of ph^riological salt 
solution. Human thrombin, 0.1 cc., was added at once, and the coagulation and 
liquefaction times again recorded. By successively transferring 0.5 cc. of each 
digestion mixture to another tube containing fibrinogen, a titration of the active 
prindple in the presence of increasing concentration of dissolved fibrin was 
accomplished. 

In dew of certain differences in human and rabbit fibrinogens, to be described in 
detail later (3), a second and similar titration was carried out in exactly the same 
manner with the exception that human fibrinogen was substituted for the rabbit 
fibrinogen. The results of the experiment are shown in Table V. 

In Experiment I the test was carried out in such a manner that the 
fibrinolytic substance was transferred immediately after liquefaction 
was complete. Under these c.xperimental conditions it may be seen 
(Table V) that the fibrinolytic agent is not bound as a result of the 
l>Tic action. That the fibrinolysin remains, in considerable amount, 
uninhibited, is evidenced by the fact that the ultimate dilution to 
0.001 cc. was eficctivc in 20 minutes. Since the filtrate used in Experi- 
ment I, when diluted to 0.0001 cc. with physiological salt solution, 
effected dissolution in 50 minutes, the obseivation just described indi- 
cates that the fibrinolysin may be present in an active state in the 
reaction products. 

Expcrimtr.t 7/.— A mixture of 2.0 cc of rabbit fibrinogea, 2.0 cc of ph^-slo- 
logicil saline, and 5.0 cc of the fibrinolytic solution employed in the above erperi- 
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nient was coagulated by the addition of 1.0 cc. of human thrombin. At stated 
intervals of incubation 0.5 cc. portions of the liquefied mixture were withdrawn and 
added to tubes which contained 0.2 cc. of rabbit fibrinogen and 0.2 cc. of salt 

TABLE V 


T'liration of Fibrinolysm Present in (he Reaction Mixtures 


Tube No,* 

- 

Rabbit fibrinogen 

Tube No. 

Human fibrinogen 

Resulting 
concentration of 
fibrinolysin 

Coagulation 

time 

Liquefaction 

time 




fwm. 

v:hi. 


min. 

mi». 

mBM 

RI 

1 

2 

HI 

1 

3 


RII 

1 j 

2 

H II 

2 

2 


RIII 

1 

3 

Hill 

1 

3 

0.1250 

RIV 

1 

2 

HIV 

1 

4 

0.0625 

R V 

1 

2 

H V 

1 

5 

0.0318 

R W 

1 

3 

H VI 

2 

5 


R VII 

! 1 

5 

HWI 

! 2 

' 11 


R VIII 

1 1 

8 

HVHI 

! 2 

30 


RIX 

2 

14 

HIX 

2 

25 

0.002 

RX 

2 

20 

HX 

4 

— 

0.001 


All tubes incubated in water bath at 37.5°C. 

* Each tube received 0.5 cc. of the contents of the preceding tube; lytic test 
performed b}'' adding 0.2 cc. fibrinogen, 0.2 cc. of ph3'Siological salt solution, and 
0.1 cc. of human thrombin. Experiment terminated after tenth transfer. 


TABLE VI 


Effect of Prolonged Incuhation on Activity of the Fibrinolysm in the Presence of the 

Liquefied Reaction Products 


Duration of 
incubation 

Rabbit fibrinogen 

Human fibrinogen 

Coagulation time 

Liquefaction time 

Coagulation time 

Liquefaction lime 


min. 

min. 

min. 

min. 

15 min. 

1 

4 

1 

4 

30 min. 

1 

5 

1 

4 

1 hour 

2 

5 

2 

3 

2 hours 

' 3 

5 

! 2 

! 3 

8 hours 

4 

5 

3 

3 

18 hours 

3 

5 

3 

3 


All tubes incubated in the water bath at 37.5°C. 


solution. Coagulation was induced b}’’ the addition of 0.1 cc. of human thrombin. 
A similar experiment was carried out vdth human fibrinogen. The results of the 
experiment are presented in Table VI. 
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From the table it may be seen that the fibrinolytic activity is not 
bound by the products resulting from the bquefaction of the fibrin dot 
and that exposure to the dissolved fibrin for as long as 18 hours exerted 
only slight inactivating effect upon the fibrinolytic prindple. These 
facts point to the catalytic nature of the active principle, which re- 
mains free in test mixtures. Although, in experiments to be described 
later (3), human and rabbit fibrinogen presented certain differences, 
in the tests just described no essential dissimilarity was demonstrable. 

Optimum Temperature for Fibrinolysis . — The optimum temperature 
for fibrinolytic action lies between 35° and 45°C. At temperatures of 
45-55°C. a partial denaturization of the fibrinogen interferes with the 
clotting property and above 56°C. actual predpitation occurs. Com- 
parative tests with material kept at ice box temperature, room tem- 
perature, and 37.5°C. have been made, and give, on the average, the 
following results: 

In ice bos: slight softening, 2 hours. 

.4t room temperature: 10-30 minutes. 

At 37.5°C.; 1-2 minutes. 

DISCUSSION 

The results, which comprise - this report, consist of observations 
which define some of the properties of the fibrinol>'tic prindple elabo- 
rated by beta hemolytic streptococci. 

The active fibrinolysin, present in filtrates of broth cultures, has 
been isolated by several different procedures. The most successful 
methods were precipitation with three volumes of alcohol, and adsorp- 
tion on alumina followed by elution nnth phosphate buffer. These 
preparations have been concentrated and evaporated to dr\-ness. The 
resulting products have retained their potency* for indefinite periods 
of time. Although the active preparations still contain impurities, 
the isolated lytic material is useful for purposes of standardization 
and will facilitate further attempts at purification. 

The fibrinolysin acts, in many respects, as a relatively stable sub- 
stance, retaining actidty throughout the treatment to which it is 
subjected and resisting a considerable degree of heating as well as 
desiccation. Final assay of the properties is, hov.-cver, rendered 
difficult because of the fact that the results may vary with different 
test materials. Some of these conditioning factors have been de- 
scribed; others remain unexplained. 
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The usual protein tests with preparations of the fibrinolysin are 
positive and solutions of the active material are rapidly and completely 
inactivated by the addition of a small quantity of trypsin or activated 
papain. The methods of isolation and the properties of the active 
principle strongly suggest that the active agent is an enzyme or cata- 
13'^st wliich has a striking specificity for human fibrin and which induces 
unique physical and chemical changes. Exact chemical identification 
of the active substance has not 3’^et been accomplished, but all the tests 
so far performed on impure material point to its protein nature. 

SUiLMARY 

The active fibrinolytic principle present in cultures of hemol3dic 
streptococci can be isolated in stable form, and partially purified b3'’ 
the following methods: 

1. Precipitation of culture filtrate with 3 volumes of 95 per cent 
ethyl alcohol. 

2. Adsorption upon pol3’'aluminum hydroxide B of Willstatter (5) 
followed by elution with m/10 sodium phosphate buffer, pH 7.3. 

Concentration can be best accomplished by vacuum dialysis (4) of 
either culture filtrates or preparations obtained by adsorption and 
elution. 

The streptococcal fibrinolysin is characterized by the following 
properties : 

1. It may resist heating to 100°C. for 60 minutes; variations in 
thermal resistance are described. 

2. Partially purified preparations give positive tests for protein. 
Activity is rapidly and completely destroyed by trypsin or papain. 

3. The active principle is demonstrable in dissolved fibrin even after 
18 hours incubation. 
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The preceding paper (1) has described some of the properties of the 
fibrinolysin of hemolytic streptococci. The present report presents 
results v/hich indicate the nature of the reaction and the composition 
of the end-products. 

Although the streptococcal fibrinolysin should, in all probability, be 
classified as an enzyme or catalyst, its acthdty differs, in certain re- 
spects, from proteolytic ferments. The special characters vrill be 
demonstrated by comparative experiments in vrhich fibrin and other 
substrates are subjected to fibrinolysin and other enz>Tnes. 

That the fibrinol>dic principle of hemolytic streptococci induces a 
physical change in fibrin is self-e\ddent by the transformation of solid 
matter to solution. A chemical study of the reaction presents diffi- 
culties inherent in attempts to analyze solutions composed of mixtures 
of proteins. Consequently, the results to be given are not final, but 
they indicate the qualitative changes which are involved in the phe- 
nomenon of fibrinolysis. More exact studies arc now in progress and 
will be reported in a separate communication. 

Materials and ^fethods 

The methods of obtaining the fibrinolytic substance from hemolytic streptococci 
and of preparing tibrinogcn and thrombin solutions vrerc described in prc\‘ious 
articles (1,2). It is important to note, ho%vc%*cr, that human m.atcrials have been 
almost exclusively used in the cxpcrim.cnls to be reported. Since the specificity of 

* John I). ArchboM Fcllov: in ^fcdidnc, Department of Med; cine. 
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the fibrinolysin for human fibrin is so striking and since this study centers around 
the reaction products, tlie necessity of employing human material is apparent. 

Where rabbit fibrinogen is employed, special mention of the fact is made. 

Other technical procedures are given in the text according to the type of experi- 
ment which was performed. 

Action of the Fibrinolytic Principle upon Various Substrates 

Before proceeding with a description of analytical experiments con- 
cerning the effect of fibrinolysin on fibrin, it is desirable to orient the 
active bacterial substance with respect to other ferments and other 
substrates. The purpose of each experiment will become apparent 
from the substrate wliich was selected and the enzyme wliich was em- 
ployed for comparison. 

L Effect of Fibrinolysin and Trypsin on Casein and Gelatin. — These 
experiments were designed to test the proteolytic properties of the 
fibrinolytic principle. Casein and gelatin were selected as appropriate 
substrates, and the experiments were controlled with parallel deter- 
minations in wliich trypsin was substituted for the fibrinolytic prin- 
ciple. 

Preparation of Materials. — K 1,25 per cent solution of Bacto gelatin in buffered 
physiological saline, pH 7.4, was used as a gelatin substrate. A similar solution 
was prepared from commercial casein which had been purified once b}'- the method of 
Northrop (3). 

The trypsin solution contained 5 mg. of a commercial product per cc. of ph}rio- 
logical salt solution. 

The fibrinob^tic solution was prepared by dissolving 500 mg. of a dry, alcohol- 
precipitated material in 50 cc. of salt solution. The usual test proved this solution 
to have a fibrinolytic titer of 0.001 cc. in 34 minutes. 

Procedure . — ^Duplicate 40 cc. portions of the casein substrate were treated with 
10 cc. of the tr 3 psin solution and 10 cc. of the fibrinob^tic preparation respectively. 
Two flasks containing 40 cc. of gelatin substrate were similarl}" subjected to tr 3 ^sin 
and fibrinob^sin. Control solutions containing one onb’' of each of tlie various 
components of the protocol were prepared. Both the test solutions and the con- 
trols were incubated at 37.5°C. Toluene was used as a preservative. Anabases 
'were carried out at once and after 24 and 48 hours incubation. 

Analytical Method . — A 5 cc. portion of each digestion mixture was used for each 
analysis. The accurateb’* measured sample was placed in the deaminizing bulb 
of a Van Slyke macro amino nitrogen apparatus and deaminization was permitted 
to proceed for 15 minutes. The evolved nitrogen was collected and measured in a 
micro burette. Duplicate determinations were made upon each solution and the 
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values usually agreed within 0.02 mL of evolved nitrogen. The results of the 
analyses, appropriately corrected for the blank error and the amino nitrogen content 
of the tr>i 3 sin and fibrinolytic solutions, are presented in Table I and in Text-fig. 1. 

From Table I and Text-fig. 1, it is evident that, by the analytical 
method used, the fibrinolytic substance exerted no demonstrable 
hydrolytic action upon either of the two proteins, casein or gelatin. 
The possibility of a superficial hydrolysis, not detectable by the ana- 
lytical method employed, seems improbable from the fact that a 2 per 


TABLE I 

Comparison of (he Action of Fihrinolysin and Trypsin upon Casein and Gelaiin 


Preparation 

Duration of 
incubation 

Amino N per 100 cc.* 

Found 

Increase 



nr. 

nt. 

Casein + 

None 

3.27 

— 

Casein -b trypsin 

24 hours 

15.10 

11.83 

Casein -f* tij-psin 

4S hours 

17.04 

13.77 

Casein -f fibrinolysin ] 

None 

3.24 

— 

Casein -f fibrinolysin 

24 hours 

3.20 

i -0.04 

Casein 4- fibrinob’sin 

48 hours 

3.15 

-0.09 

Gelatin 4“ tij-psin 

None 

3.52 

— 

Gelatin 4" trj’psin 

24 hours 

19.19 

15.67 

Gelatin 4“ trypsin 

48 hours 

21.71 

18.19 

Gelatin 4- fibrinolvsin 

None 

3.52 ! 

. — 

Gelatin 4* fibrinolj'sin 

24 hours 

3.67 

0.15 

Gelatin 4“ fibrinob’sin 

48 hours 

3.79 

0.27 


* .Ml \^lucs corrected for blank error and for amino nitrogen content of the 
tiv-psin and fibrinoh-sin solutions, respectively. 


cent gelatin solution which contained 10 mg. of the fibrinolytic sub- 
stance per cc. promptly solidified when it was placed in an ice bath 
after incubation for 72 hours at 37.5®C. 

2. Rjfccl of Fihrinolysin avird Pcplasc {Stez ens atul IVcsi) on Peptone , — 
Stevens and West (4) have reported the presence of a proteolytic en- 
zyme in the cell extracts of hemolytic streptococci. This cnzjTnc %vas 
shown to attack casein, but maximal hydrolysis was observed when a 
peptone substrate was emplo 3 'cd. Tlie term peptasc was therefore 
applied to the enryme. The followdng experiment was designed to 
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demonstrate the difference between the fibrinolytic substance and the 
streptococcus peptase of Stevens and West. 

Preparatio7i of Materials. Pcptasc . — Tlie sedimented cells from 3 liters of broth 
culture were thoroughly washed with ph 3 ^siological salt solution and suspended in 
5 cc. of sterile distilled water. The suspension was frozen and subjected to pres- 



Text-Fig. 1, Comparison of the action of fibrinob^sin and trj^psin upon casein 
and gelatin. 

sure in the apparatus described by Johlin and Avery (5).^ The resulting mixture 
was warmed to room temperature, diluted to a volume of 15 cc. with physiological 
saline, and shaken for 15 minutes to insure complete emulsification. The solution 
was then centrifuged at a high speed for an hour. The supernatant fluid was 


^ The authors are indebted to Dr. R. C. Aver}’’ of the Department of Bac- 
teriology, Vanderbilt University, who kindly supplied the extraction apparatus. 
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resented and the sediment vras again frozen and subjected to disintegration by 
pressure. The mixture vras diluted, shaken, and again centrifuged at a high 
speed. By microscopical examination of stained smears, most of the bacterial cells 
•were found to be ruptured. The combined extracts, 25 cc. in volume, were mixed 
with a little toluene and permitted to stand in the ice box for 12 hours. The solu- 
tion was divided into two parts, one of which was heated at 62°C. for 1 hour. 

The fibrinolytic preparation used for comparison with the peptase was prepared 
by the method of adsorption and elution, just described. The eluate titred to 0.001 
cc. in 14 minutes. A portion of the preparation was heated at 62°C. for 1 hour. 

Procedure . — ^To four 10 cc. portions of a 1 per cent solution of Merck peptone 
were added respectively 5 cc. of the peptase solution (cell extract), 5 cc. of the 
fibrinolytic solution, 5 cc. of the heated peptase, and 5 cc. of the heated fibrinol>"tic 
preparation. Appropriate controls of the peptone and other solutions were 


TABLE Ha 

Comparison of the Action of Fihrinolysin and Streptococcus Peptase upon Peptone 


Preparation 

Araino N per 100 cc.* 

Foand 

Increase 

Peptone alone 

28.82 

nt. 

Peptone “h fibrinolysin 

28.87 

0.05 

Peptone -h heated fihrinolysin ' 

28.85 

0.03 

Peptone 4“ streptococcus peptase 

44.36 

15. S4 

Peptone 4“ heated streptococcus peptase 

28.65 

-0.17 


* i\il values corrected for blank error and for amino nitrogen content of fibrinol- 
ysin and peptase solutions, respectively. 


prepared. A portion was withdrawn from each tube for immediate anali'sis. The 
remainder of the solutions were layered with a little toluene and incubated at 
37.5°C. Samples were withdrawn for anal>*sis after 24 to 48 hours incubation. 

Analytical Method. — AnaU'ses were carried out upon 2 cc. portions of each solu- 
tion. The samples were deaminized for 15 minutes in the micro Van Slyke amino 
nitrogen apparatus and the cvoU'cd nitrogen collected and measured in the micro 
burette. Duplicate determinations upon each solution agreed ^vithin 0.02 ml. of 
evolved nitrogen. The results of the experiment are sho%vn in Table II a. 

From Tabic 11a it is c\'idcnt that the fibrinolytic principle is not 
capable of hydrolyzing peptone, whereas the cell extract exerted an 
intensive pcptolytic action upon the substrate. It is also cvndcnt from 
the tabic that healing the peptase at 62''C. for 1 hour destroyed its 
cnz}'matic action for peptone. 
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A comparison of the fibrinolytic titers of the fibrinolysin and 
peptase solutions was carried out and the results are recorded in 
Table II 

From Table II 6 it can be seen that the fibrinolytic solution possessed 
a uniformly high titer which was unaltered by exposure to a tempera- 
ture of 62°C. The cell extract, on the other hand, contained only a 
comparatively small amount of fibrinolytic active material which 
probably represents the amount of intracellular fibrinolysin. The fact 
that exposure to a temperature of 62°C. for an hour diminished the 
small amount of fibrinolytic activity in the cell extract may have been 


TABLE Ilf) 

Comparison of ihc Fibrinolytic Action of Fibrinolysin and Streptococcus Peptase 


Preparation 

Amount of preparation 

0.5 cc. 

0.1 cc. 


0.01 cc. 

0.005 cc. 


Fibrinolysin 

min. ^ 

♦3 

min. 

3 

win. 

6 

min. 

10 

min. 

12 

min. 

14 

Heated fibrinolysin 

3 

3 

7 

14 

14 

14 

Streptococcus peptase 

36 

24 

' 20 

35 

70 



Heated streptococcus peptase 

120 

120 

90 










All tubes incubated in water bath at 37.5°C. 

* Figures represent time in minutes of interval between coagulation and com- 
plete liquefaction; the symbol (— ) indicates tlmt no liquefaction occurred in 2 
hours. 

due to an adsorption of the fibrinolytic principle upon the extraneous 
heat-denatured protein material in the heated extract. 

The results of the experiment are considered to justify the conclusion 
that the fibrinolytic activity of streptococci is referable to an active 
substance, chemically distinct from the peptolytic enzyme previously 
isolated from streptococci by Stevens and West. 

3. Effect of Fibrinolysin, Trypsin, and Peptase on Fibrin. The 
negative character of the above experiments indicates that the fibrin- 
olytic principle does not possess a broad capacity to act upon protems 
in general or upon peptone. That fibrin is affected is self-evident from 
the physical change which the clot undergoes. The nature of the 
chemical change in fibrin is indicated in experiments to follow. In 
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order to bring out the special qualities of the fibrinolysin, trypsin and 
streptococcal peptase have been employed in comparable experiments. 

Prcparalion oj the Fibrin, — ^Potassium oxalate was employed as an anticoagu- 
lant. Human plasma was diluted vrith five times its volume of pfij-siological salt 
solution and coagulation was induced by the addition of an excess of CaCb. The 
coagulum was permitted to stand several hours to insure complete formation of 
the fibrin. By careful manipulation of a stirring rod the liquid vras pressed from 
the gel and the fibrin rolled into a compact mass. This product was washed thor- 
oughly with distilled water, pressed dr>', and placed in a vacuum desiccator over 
phosphoric anhydride. The resulting brittle product was ground to a fine white 


TABLE m 

Comparison oJ the Action oj Fibrinolysin, Streptococcus Peptase, and Trypsin upon 

Human Fihrvi 


Preparation 

AniJr;o nitrogen per 100 cc.* 

24 hrs. 

Incr C15C 

72 hrs. 

^ Total 

1 increase 


nr. 

nr. 

r:f. 

rtf. 

Fibrin alone 

7.37 


7.89 

0.52 

Fibrin -f* fibrinob'sin 

13.18 

. 5.81 

18.33 

10.96 

Fibrin 4- healed fibrinolj'sint 

8.57 

1.20 

9.55 

2.18 

Fibrin 4* streptococcus peptase 

26.40 

19.03 ' 

25.78 

18.41 

Fibrin 4- heated streptococcus peptase 

9.50 

2.13 

9.9S 

2.61 

Fibrin 4- 

37.79 

30.22 

43.83 

36.46 


* All ^wlues corrected for blank error and for the amino nitrogen content of 
fibrinolysin, streptococcus peptase, and tiv-psin solutions, respectively. 

t The fibrinolysin employed in this experiment had been precipitated vrith 
alcohol and was therefore heat-labile. 

powder in a mortar. The combined and uniformly mbeed fibrin from several 
preparations was utilised in the follo'.ving C-Tperiment. 

Acthc Solutions, — \ solution of commercial ti^-psin was made up in a concen- 
tration of 4 mg, per cc, of physiological salt solution. A streptococcal peptase 
solution was prepared in the manner just described. The peptase solution, 25 cc. 
in volume, contained the material extracted from the sedimented cells from 4 liters 
of broth culture. The solution was di\ridcd and one portion v’as healed at 60 C. 
for 1 hour. The fibrinolytic solution contained 10 mg. of an alcohol-prccipilatctl 
prc^varalion per cc. of salt solution. The titer of this solution was 0.001 cc. in 43 
minutes. .\ portion of the solution was heated for an hour at 60*C. 

/'rrrci.vfc.— Duplicate .series of small fiasks were prepare^!, each of which con- 
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tained 200 mg. of the powdered fibrin and 15 cc. of buffered saline, pH 7.2. Ac- 
curately measured 5 cc. portions of the various test solutions were added to the 
substrate suspensions, and the mixtures, togetlier with appropriate controls, were 
placed in the incubator at 37.S°C. Toluene, 1 cc., was added to each flask to insure 
sterility. One group of flasks was removed after 24 hours incubation, the con- 



Text-Fig. 2. Comparison of^the action of fibrinolysin, streptococcus peptase, 
and tr 3 '^psin upon human fibrin. 

tents carefully filtered, and amino nitrogen determinations carried out upon 
aliquot portions of the filtrate. The second series of flasks were removed from the 
incubator after 72 hours and the contents similarly treated. The details of the 
analytical method were the same as those described in the experiments 'svith casern 
and gelatin. The results of these analyses are presented in Table III and m 
Text-fig. 2. 
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The values recorded in Table HI and Text-fig. 2 present an interest- 
ing contrast to the results of experiments with the casein, gelatin, and 
peptone substrates. Trypsin hydrolyzed the fibrin with a sharp in- 
crease in the amino N according to the well recognized proteolytic 
action of this ferment. The fact that the peptase possesses the prop- 
erty of hydrolyzing fibrin is of interest in view of the results of Stevens 
and West who foimd this enz3Tne incapable of hydrolyzing either 
serum or serum albumin. 

Of more immediate interest to the present purpose, however, is the 
fact that, at the end of 72 hours incubation, a not inconsiderable 
amount of amino nitrogen was demonstrated to be present in the 
fibrin-fibrinolytic principle mixture. A correct evaluation of this in- 
crease is not yet possible. Two interpretations may be considered. 
The results may signify that the fibrinolytic prindple is comparable 
to a proteolytic enzyme which acts specifically in promoting the hy- 
’ drolysis of human fibrin. On the other hand, a more probable ex- 
planation lies in the dissolving action of the fibrinolytic substance upon 
the insoluble fibrin substrate. Under this condition the increase in 
the amino nitrogen may be accounted for by an increased protein con- 
centration of the solution. From this standpoint it is perhaps sig- 
nificant that the increase in amino nitrogen in the mixtures took place 
at a more gradual and constant rate than was observ^ed ndth either 
trypsin or the peptase. Furthermore, this latter \dew, which implies 
that the chemical structure of fibrin is not extensively altered by the 
process of dissolution, receives additional support from the fact that 
the end-product of the reaction acts, in other tests, as a protein. A 
study of the mechanism of the reaction is being continued by experi- 
mental procedures which, it is hoped, vrill leave no question with 
regard to the role of hydrolysis in the dissolution of the fibrin. 

4. EJJcct of F:br{7:vlysin on Fibntwgai,— In this and predous reports 
emphasis has been placed upon the fact that the fibrinoI\i.ic principle 
acts specifically upon clotted human fibrin and fails to act on rabbit 
fibrin when composed entirely of rabbit constituents. It became of 
interest to determine the acti\dty of fibrinolysin upon the two species 
of fibrinogens, precursors of fibrin. The technique of the experiments 
and the results arc as follov.-s. 
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Procedure. — Human fibrinogen, 4 cc., was diluted with 4 cc. of physiological 
salt solution. A 10 cc. portion of an adsorbed, eluted, and concentrated fibrin- 
ol 3 ’^tic preparation was added and the mixture placed in the 37.5°C. water bath. 
A similar solution containing rabbit fibrinogen and tlic fibrinolytic solution was 
prepared and incubated simultaneousl}^ At frequent intervals, during incubation, 
0.9 cc. samples of each solution were withdrawn, and mixed with 0.1 cc. portions 
of human thrombin. The coagulation time and tlie inten^al required for lique- 
faction of the clots were recorded. The results are shown in Table IV. 

The table shows that when fibrinolysin and human fibrinogen are 
incubated for 20 minutes, the clotting power of the fibrinogen is seri- 


TABLE IV 

Comparison of the Action of Fihrinolysin upon Human and Rabbit Fibrinogen 


Duration of incuba- 
tion of fibrinogen 
with fibrinolysin 

Human fibrinogen 

Rabbit fibrinogen 

Coagulation time 

Liquefaction time 

Coagulation time 

Liquefaction time 

None 

vtin, 

*1 

min, 

7 

min. 

1 

min. 

6 

• 5 minutes 

2 

6 

2 

4 

10 minutes 

2 

5 

2 

4 

20 minutes 

t2 

5 

1 

4 

35 minutes 

1 

— 

1 

4 

50 minutes 

— 

— 

2 

3 

5 hours 

— 

— 

2 

4 

18 hours 

— 

— 

2 

5 


All tubes incubated in water bath at 3 7.5°C. 

* Figures represent time in minutes; the symbol (— ) indicates no coagulation 
occurred in 2 hours. 

t Clot imperfectly formed. 

ously impaired, and that after 35 minutes incubation, the fibrinogen 
no longer is capable of forming fibrin clot. In contrast to the change 
induced in the human protein, rabbit fibrinogen, even after 18 hours 
exposure to fibrinolysin, remains unchanged and promptl)'" solidifies 
when thrombin is added. This resistance of rabbit fibrinogen presents 
an interesting biochemical difference between the two species of fibrino- 
gens and is undoubtedly an important factor in determining the in- 
susceptibility of rabbit fibrin to the fibrinolytic action. 
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The Protein Nature of the Reaction Products 

The experiments to be described consist of a comparison of the well 
deSned properties of fibrinogen solutions ^dth those of solutions con- 
taining the products of fibrinolysis and solutions of fibrinogen which 
have been exposed to and altered by fibrinolysin. 

Hiunan fibrinogen is a salt-soluble, water-insoluble globulin, pre- 
cipitable by 50 per cent saturation with sodium chloride, or 25 per cent 
saturation with ammonium sulfate. It is denatured by exposure to 
a temperature of 57°C. It is particularly characterized b}’- its trans- 
formation into the insoluble fibrin through the agency of thrombin. 

A study of these four properties of fibrinogen have, therefore, been 
applied to the products of fibrinolysis and to fibrinogen-fibrinolysin 
mixtures. In these experiments, materials derived from human 
sources have been exclusively employed. 

1, Precipitation uith NaCl . — ^WTien NaCl is added up to 50 per cent saturation 
to the products oi fibrinolysis no precipitate or douding occurs. Similarly after 
fibrinogen-fibrinob’sin mixtures have been incubated for 60 minutes, 50 per cent 
NaCl saturation exerts no predpitating effect. 

2, Precipitation zvith (NHi):^ 04 . — ^WTen (NH^sSO-i is added to the products 
of fibrinoh'sis in amounts sufficient for 25 per cent saturation, no predpitation 
occurs. The same negative result is obtained vrith incubated fibrinogen-fibrin- 
olysin mixtures. 

WHicn, however, in the products of fibrinoU'sis or fibrinogen-fibrinolysin mix- 
tures the saturation of (XH<) 2 S 04 is raised to 35 per cent, a large rield of pre- 
cipitate is obtained. Furthermore, by increasing the saturation to 40 and 45 per 
cent additional ffocculation occurs. These results are of interest since the fibrin 
after dissolution, and the fibrinogen-fibrinolysin mixtures after incubation, are 
abundantly precipitated by the per cent saturations of (N 7 l 4 ) 2 S 04 which floc- 
culate scrum globulins. 

3. RJfccl of Heal, — Fibrinogen, the products of fibrinoU*sis, and fibrinogen- 
fibrinolysin mixtures %vcrc incubated at 37.5'^C, for 1 hour. Each preparation vras 
then heated at 57“C. for 30 minutes. The untreated fibrinogen flocculated abun- 
dantly; in the other two preparations, only a moderate cloud and a slight predpi- 
tation occurred. Healing the biter two solutions at 75"C. caused a hcaw precipi- 
tation, Qu.antitalivc studies arc now in progress to define more exactly the differ- 
ences demonstrable in these experiments vrith different temperatures. 

4. .-IcfdiriVn cf Thrml ir ,, — Untreated fibrinogen, the products of fibrinol\*sis, 
and fibrinogcn-fibrinohTin mixtures were incubated at 37,5’C. At inlcivals of 5, 
10, 15, and 30 minutes, samples of each were removed and mixc<i vriih thrombin. 
With the fibrinogen, clotting took place promptly with cadi 5 p<dmcn. Whh 
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the products of librinol 3 ’'sis, the addition of thrombin was entirely without 
effect. With the fibrinogen-fibrinolj'sin mixture, clotting occurred only in the 5 
minute samples; in the 10 minute sample a few strands of fibrin appeared; in the 
remaining test no coagulation occurred. 

The qualitative character of the products resulting from the action 
of streptococcal fibrinolysin upon fibrin and fibrinogen is shown by the 
experiments just described. The results indicate that, although the 
changes are distinct, the end-product still has properties of protein, 
which is apparently newly formed. The results further substantiate 
the opinion that the dissolution of the fibrin is not accompanied by 
extensive hydrolysis. 

Investigations of a more exact identification of the end-product are 
now in progress. 


DISCUSSION 

A comparison of the action of streptococcal fibrinolysin and other 
enzymes on fibrin and other substrates, demonstrates certain unique 
biochemical properties of the bacterial product. 

The specificity of the fibrinolysin is particularly interesting. Differ- 
ences in action on human and animal clot have been previously re- 
ported (1, 6). The insusceptibility of rabbit plasma clot finds a 
probable explanation in the fact that rabbit fibrinogen is not altered 
by the fibrinolysin. The basis of the resistance of rabbit material in 
contrast to the susceptibility of human protein seems to depend upon 
a difference in the chemical constitution of the two substances even 
though they both are physiologically precursors of fibrin. 

Additional evidence of the specificity is brought out by the apparent 
incapacity of the fibrinolysin to attack casein, gelatin, or peptone. 
The fibrinolytic principle does not act upon proteins in general and its 
limitations are strikingly exemplified by contrast to trypsin. Of 
equal interest is the sharp difference between peptase and fibrinolysin 
both derived from hemolytic streptococci. The peptase of Stevens 
and West is an intracellular proteolytic enz)Tne especially potent 
against peptone. The fibrinolysin is a product of the same cultures 
but is chiefly extracellular and possesses different capacities. 

At the present time the experimental data have not clearly defined 
the course of the fibrinolytic reaction. Whether or not the dissolution 
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is accompanied by definite proteolytic h 5 "drol}"sis is imcertain, and 
awaits further study. However, the fact that the end-products, even 
after 72 hours incubation, still have the characteristics of a protein, 
indicates the unusual effect exerted by the streptococcal fibrinolysin. 
The gradual and constant increase in the amino nitrogen content of a 
mixture containing the fibrinolytic principle and human fibrin suggests 
that, in addition to the dissolution of the insoluble substrate, an rm- 
explained and perhaps ver>^ slight splitting of the molecule has taken 
place. It would be premature, at the present time, to speculate con- 
cerning the correct interpretation. Studies now in progress will 
attempt to define more accurately the mechanism involved in the 
fibrinolytic phenomenon. 

SUiniARY 

The fibrinolysin of hemolvdic streptococci exerts no hydrolytic action 
upon casein, gelatin, or peptone. 

The action on solid human fibrin is characterized by a small and 
gradual increase in the amino nitrogen content of the solution. 

The specific and special enzymatic action of fibrinolysin is contrasted 
with tr^-psin and uith streptococcal peptase (4). 

Solutions of human fibrinogen, after brief incubation with fibrinoly- 
sin, lose the capacity to form fibrin. Solutions of rabbit fibrinogen, on 
the other hand, retain the property of transformation into fibrin, even 
after prolonged exposure to fibrinolysin. 

Qualitative tests, with solutions resulting from the action of strep- 
tococcal fibrinolysin on human fibrin, indicate that the end-product 
may be protein and that the degradation of the molecule is not great. 
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THE FATE OF AVmTJLENT HEMOLYTIC STREPTOCOCCI 
INJECTED INTO THE SKIN OF NORMAL AND 
SENSITIZED RABBITS 
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The present study was undertaken to determine the fate of bacteria 
introduced into the skin of sensitized animals, but it was soon found 
that the behavior of bacteria in the normal skin was not clearly under- 
stood. jMany obser\"ations have shoYsm that an inflammatorj^ reac- 
tion prevents the spread of bacteria, particulate matter, and certain 
dyes. The relationship of sensitization and immunity to local inflam- 
mation and to the fixation of bacteria is still obscure. 

In 1906 Xoetzel (1) demonstrated that B, pyocyanctis if injected into the knee 
joint of rabbits can be demonstrated within 5 minutes in large numbers in the 
inguinal, crural, and lumbar h-mph nodes and also in the blood stream, liver, 
kidney, and spleen. Pawlowsky (2) repeated these obseiv'ations and in addition 
found that if staphylococci are introduced into the knee joint of a guinea pig, they 
may be demonstrated in the blood stream and organs in from 24 to 48 hours after 
injection. If a sterile irritant such as alcohol or turpentine is introduced so as to 
produce an inflammation, and later the staphylococci arc injected, there is no 
spread to the blood stream. 

Gay and Morrison (3) working on experimental empyema have shoum that if 
an irritant such as meat infusion broth or egg white be introduced into the pleural 
ca\nty of a rabbit, many times the minimal lethal dose of streptococci can be 
injected into the pleural cavity 24 hours after the onset of inflammation without 
causing the death of the animal. 

Opic (4) showed that when streptococci arc injected into the peritoneal cavity 
of a normal rabbit, they reach the blood m large numbers with great rapidity, 
but if a sterile irritant such as alcuronat is introduced prior to the bacteria, the 
dis'cminniion from the peritoneal cavity debyed. After the inflammalion has 
!>ren present for 48 hours Wforc the injection of bacterb, there is almort complete 
protection. 

260 
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In 1924 Opie (5) demonstrated that a rabbit sensitized b}* several intradermal 
injections of foreign protein (horse serum or egg Avhite) will fix this protein at the 
site of injection and prevent dissemination into the blood stream. The same 
protein injected into the sldn of a normal rabbit will rapidly" leave the site of 
injection and enter the blood stream. He attributed the fact that the protein 
remained fixed in the sensitized animal, to the inflammation resulting from a 
meeting of antigen and antibod}^ at the site of injection. 

Willis (6) studied the spread of tubercle bacilli from the site of injection in nor- 
mal guinea pigs and in animals previously infected wdth living avirulent tubercle 
bacilli. removing the tissue at the site of inoculation 1 hour after injection, he 
was unable to prevent a generalized tuberculous infection in normal animals, 
whereas if he removed it from the immunized animal within 4 days he was able to 
prevent tlie development of generalized tuberculosis. He determined the presence 
of tubercle bacilli in the adjacent l^rniph node by inoculating the tissue into normal 
guinea pigs. It was found that the bacilli reached the node of a normal animal 
within 24 hours, whereas the}’' did not appear in the node of the immune animal for 
2 to 3 weeks. Freund (7) has recently been able to obtain similar results by using 
guinea pigs immunized with heat-killed tubercle bacilli until they showed h}^er- 
sensitiveness to old tuberculin. After injection with tubercle bacilli the animals 
were killed at short intervals. Tubercle bacilli w’ere gro^vn from the lymph nodes 
of the control animal 1 day after infection, whereas the nodes from the vaccinated 
animals did not show bacteria until much later. 

Menkin has recently reported numerous experiments demonstrating the 
fixation of various dyes and bacteria (8) in inflamed areas and has written an 
excellent review (9) of the entire subject. 

Cannon and Pacheco (10) immunized a group of guinea pigs with a staphylo- 
coccus vaccine b}?' repeated injections into a circumscribed area of the skin over the 
abdomen. They then infected these animals witli a virulent culture of Staphylo- 
coccus anretts injected intradermally into the same site. A group of normal guinea 
pigs was infected with the same dosage at the same time. The normal animals 
showed a diffuse cellulitis of the abdominal wall and frequentl}’’ died within 24 
hours. Those that had been immunized showed a local area of suppuration that 
ulcerated and healed with no serious consequence. In the normal animal the 
organisms were diffusely scattered throughout the skin, whereas in the immunked 
animal they were gathered in clumps and showed a definite tendency to localiza- 
tion at the site of injection. These workers have attributed this localization to 
what they term a tissue immunit 3 \ 

These observations establish the fact that there is some mechanism 
whereby bacteria in an inflamed area are prevented from spreading 
into the surrounding tissues. Menkin believes that deposition of 
fibrin in tissue spaces and mechanical blockage of Ijnnphatics are 
important factors in this local fixation. 
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Animals immunized against tubercle bacilli evidently prevent dis- 
semination of tubercle bacilli to the regional lymphatics. It has been 
suggested that the bacilli do not disseminate because they are de- 
stroyed by the immune animal shortly after injection. It is important 
to know whether dissemination is prevented by destruction or by local 
fixation of bacteria, perhaps with subsequent multiplication of the 
organisms. 

Although several observers (Buxton and Torrey (11), Bull (12)) 
have studied the fate of bacteria injected into the serous cavities or 
have studied their rate of disappearance from the blood stream, there 
is little information concerning the dissemination of bacteria intro- 
duced into the skin of normal rabbits. Do changes at the site of 
injection or within lymph nodes of normal or immime animals effec- 
tively prevent their penetration into the blood stream and internal 
organs? 

Methods 

The organism used in the following experiments was a relatively non-\'irulent 
hemolytic streptococcus obtained from a case of peritonitis. An 18 hour culture 
groViTi in fresh rabbit’s blood broth was used. The organism grown in this media 
for a period of 18 months has shown no tendency' to dump and still produces 
lesions in the skin of rabbits similar to those observed 1 year ago. 

In order to determine the number of streptocoed injected into and recovered 
from the skin of a rabbit, a suitable method for counting bacteria was essential. 
The plating method discredited by some observers is not entirely accurate, but if 
the culture is thoroughly shaken %dth glass beads and then mLred w*ith a pipette, 
there arc many single coed and the chains in the first dilution average from 3 to 5 
cocci per chain, whereas in the undiluted culture the chains are much longer and 
tlierc arc fewer single coed. 

In the earlier experiments 0.1 cc, of the culture to be counted was diluted 1:100, 
1 :1,000, and 1 : 10,000. These dilutions were made in tubes of uniform sure each 
containing three glass beads. After mixing v:lth a pipette, the tubes were thor- 
oughly sh.ikcn. O.l cc. of cadi of the above dilutions w'as transferred to a lube of 
melted agar to which 0.5 cc. of dcfibrinalcd rabbit’s blood had been added. The 
contents were shaken and poured in a Petri dish. Two plates vrere usually poured 
from each dilution. As a general rule the number of colonies in the duplicate 
plates chcclxd fairly well, but since there v.-as occasionally rather wide Nxirialion, 
some more accurate mcthcKl vns sought, 

TIic mclhad ufcd by Wilson (15) was tried. Tubes measuring ISO x 16 mm, 
each containing 2.5 cc, of aenr >crc used. The agar v;as m.cltctl and when it was 
c<x*!ed to C., 4 drops of denbrinateti rabbit's blood and 0.1 cc. of the dilution 
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to be cultured were added. The tube was well shaken and, held horizontally, was 
rolled under a cold water tap until tlie contents solidified in a thin la}'er adherent 
to the glass. The tubes were incubated upside down and the colonies counted 
after 48 hours. Witli this method the counts were found to check more closely 
tlian with the plate method. The following counts arc representative of those 
obtained during tlie course of the e.xperiments. 


Culture diluted 

1:70,000 

1:700,000 


1. No. of organisms per tube 

497 

53 

t( ft ft ft i 

460 

26 

Average No, of organisms per tube 

478 

39 

Calculated No, of organisms in 0,1 cc, 1 ; 70 dilution 

478,000 

390,000 

2. No. of organisms per tube 

195 

43 

(( IC ft ft fC 

334 

27 

Average No. of organisms per tube 

264 

35 

Calculated No. of organisms in 0.1 cc. 1:70 dilution 

264,000 

350,000 


When streptococci are present in a suspension in great numbers, 
counts have occasionally varied witliin wide limits and it cannot be 
claimed that the method measures the actual number of streptococci 
present in the skin. Nevertheless the figures given in the tables are 
roughly comparable and as the experiments will show, the method is 
sufficiently accurate to determine the fate of streptococci injected into 
the skin. 


Fate of Streptococci in Normal Rabbits 

Experiments were performed to determine the fate of hemolytic 
streptococci injected in different quantities into the skin of normal 
rabbits. 


The site chosen for injection was the right flank about 4 cm. anterior to the 
right inguinal lymph node, which is readily palpated through the skin of a normal 
animal. A superficial vein in this area runs to the b^mph node and serves as a 
rather constant landmark for injection. Trypan blue in saline solution injected 
into the skin in this area will rapidly and regularly accumulate in tliis lymph node, 
but if the injection is made too far anteriorly, a part of the dye will reacli the 
axillary nodes. Cultures were made from the subcutaneous inguinal b^mph node 
and in several instances from the next node in the chain of b'uiphatics, which is a 
small node usually found at the bifurcation of the external and internal iliac 
vessels. Considerable care was required in removing this node on account of its 
close association with the blood vessels. 
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The first two rabbits listed in Table I received 0.1 cc. of a broth culture of 
hemolytic streptococcus and the rest received a smaller dose, namely 0.1 cc. of a 
1 ; 10 dilution of a similar culture. The rabbits were killed at intervals varjdng 
from IS minutes up to 100 hours. The skin was cleaned with alcohol and distilled 
water. With aseptic technique an anteroposterior incision about 5 cm. long was 
made over the site of the inguinal Ijunph node, which was easily removed with 
sterile forceps and scissors and transferred to a sterile container. The tissue at 
the site of injection was next removed as a piece of skin measuring about 4 1 4 cm. 
which was transferred to another sterile container. 

The abdomen was now opened and the right Diac ^miph node removed. A 
blood culture was made from the heart of all the rabbits. 

The skin pinned taut on sterile gauze with the epidermal surface down, was 
carefully scraped with a sharp scalpel The material obtained was thorougUy 
ground in a mortar and 9.9 cc. of broth were slowly added, making a 1:100 dilu- 
tion; 1 cc. of this was added to 9 cc. of broth. Dilutions were made in this manner 
up to 1 : 100,000. 0.1 cc. of 1 : 10,000 and 1 : 100,000 dilutions were plated in blood 
agar. 

The IjTnph nodes were ground in a moitar and 2 cc. of broth were added drop 
by drop; 1 cc. of the suspension was mixed with melted agar to which rabbit’s 
blood had been added, and plated. 

After the cultures had been incubated for 48 hours, the colonies were counted. 
Though cultures showing no growth were kept for 1 week, a colony seldom de- 
veloped after the first 2 days of incubation. Only colonies showing a definite 
zone of hemolysis were counted. Smears were made of doubtful colonies and they 
were subcultured on blood agar and broth to check hemolysis and chain formation. 

To determine if the time elapsing between death of the animal and 
preparation of cultures was sufficient to permit any significant multi- 
plication of bacteria in the excised skin, the following experiment was 
performed. 

A normal rabbit was injected inlracutaneously at .1 sites with 0.1 cc. of a 1 ;70 
dilution of hemolytic streptococci. It was killed immediately and the 3 pieces of 
excised skin were left in sterile dishes at room temperature. Cultures vrcrc made 
at intcix-als of i, 1, and 1{ hours. 


No. of bacterial injected i 

No. of b?.ctcrU recovered (rnm after { hr. at room temperature. . 

No. of bacteria recovered from ‘tin after I hr. at room temperature, . 

No. of bacteria recovered from skin after hrs. at room tcm.peraturc,. 


336.000 

105.000 
-^ 0,000 

270.000 


Thi:<c fip:urcs indicate that there is little multiplication in the skin 
at room temperature during 1?. hours. 
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Site of Injection . — When 0.1 cc. undiluted or 0.1 cc. of a 1 : 10 dilution 
of hemolytic streptococci was injected into the skin of normal rabbits, 
fewer organisms were recovered than were injected in all but one 
instance (R. 70, Table I), and here the difference was slight. On the 
other hand, when a smaller dose (0.1 cc. .1:70) was injected intrader- 
mally into normal animals (Table II) more organisms were recovered 
than injected in about half of the rabbits. The multiplication began 


TABLE I 


Streptococci in the Skin, Lymph Nodes, and Blood of Normal Rabbits after the 
Intracntaneous Injection of the Organism 


Designa- 
tion of 
rabbit 

Time interval 

Amount injected 

No. of 
streptococci 
injected 

No, of streptococci 
recovered 

Results of 
blood culture 

Skin 

Ingui- 

nal 

lymph 

node 

Iliac 

lymph 

node 

R. 40 

mm 

0.1 CC. undiluted 


9,514,000 

211 

25 

No grow til 

R. 39 


0.1 



618,000 

76 

101 

it 

it 

R. 38 


0.1 cc. 1:10 

HQ 

135,000 

0 

0 

a 

ti 

R. 57 

15 “ 

0.1 

“ 1:10 




40 

ti 

it 

R. 55 

15 “ 

0.1 

“ 1:10 


34,000 

mm 

6 

u 

a 

R. 42 

30 

0.1 

“ 1:10 

1,808,000 

34,000 

25 

0 

u 

ti 

R. 70 

34 “ 

0.1 

“ 1:10 


165,000 

1 

0 

u 

it 

R. 12 

50 “ 

0.1 

“ 1:10 


68,000 

35 

I ^ 


a 

R. 47 

1 hr. 

0.1 

“ 1:10 

BcSSiBii 

98,000 

2,447 

2 

ti 

a 

R. 56 

2 hrs. 

0.1 

1:10 

320,000, 

318,000 


0 

it 

it 

R, 69 

2 

0.1 

“ 1:10 


213,000 

2! 

0 

ti 

tt 

R. 46 

8 “ 

0.1 

“ 1:10 

MaB!! 



0 

a 

it 

R. 41 

24 

0.1 

1:10 



178 


ft 

ft 

R. 62 

48 

0.1 

1:10 


1 colony 



{( 

tt 

R. 63 i 

100 

0.1 

“ 1:10 

mm 




u 

a 


within 30 minutes, became conspicuous after the 1st hour, reached a 
maximum in from 3 to 5 hours, and then rapidly subsided. 

Nevertheless in two instances, R. 41 (Table I) and Experiment 23 
(Table II), the infection failed to subside. After 24 hours great 
multiplication of streptococci had occurred and up to the time when 
the animal was killed, the infection was progressive. The conditions 
that caused this unfavorable course were not evident. 
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To detemnne if hemolytic streptococci can multiply in the skin of a 
rabbit as rapidly as these observations made during the first 5 hours 
after inoculation indicate, the experiment that follows was performed. 

0.1 cc. of a 1 : 70 dilution in brotii of an 18 hour culture of hemoK^c streptococci 
^as injected into the skin at 2 sites in the Sank of a rabbit killed immediately 
before injection. One piece of skin was removed immediately and cultured as in 
the experiments on living animals. The rabbit was then placed in an incubator 
at 37°C. for 2 hours, when the remaining site of injection was removed and cultured. 
The results are as follows: 


No. of bacteria injected 

No. of bacteria recovered immediately after injectioii, 
No. of bacteria recovered after incubation of 2 hrs... , 


220,000 

83,000 

3,550,000 


Bacteria in the skin of a recently killed rabbit where they are not 
destroyed multiply at body temperature with great rapidity, in this 
instance about 17 times. 

Inguinal Lymph Node . — ^WTien the larger dose, 0.1 cc. undiluted, 
or 0.1 cc. 1:10 of streptococci (Table I) was injected, we recovered 
organisms from the inguinal lymph nodes in fairly large numbers 
during the 1st hour. After this period very few organisms were 
recovered. Streptococci reached the inguinal Ijnnph node within 15 
minutes in 2 of 3 rabbits. They were recovered from the inguinal 
lymph node in 10 of the 15 rabbits (66.6 per cent). 

It is noteworthy that R. 40 and R. 39, in which after 2 and 4 hours 
streptococci appeared in the lymph nodes, received an tmusually large 
number of bacteria. 

With the smaller dose, namely 0.1 cc. of a 1 : 70 dilution (Table 11), 
the passage of organisms to the Ijmph nodes continued during 7 hours 
and then almost completely ceased coincidentally with their disapK 
pcarance from the skin. 

In 2 animals. R. 41 (Table I) and the normal rabbit in Experiment 
23 (Tabic II), mentioned above as exceptions to the usual course of 
infection, streptococci were found in lymph nodes later than 8 hours 
following injection. In both of these animals, continued penetration 
into the hTnph nodes had been accompanied by unusual multiplica- 
tion of organisms at the site of injection. 

Iliac Lymph I\odc. Bacteria were recovered from the iliac hmph 
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node in moderate nmnbers in 6 of 15 animals that had received th 
larger dose of organisms (Table I), and in small numbers from 2 of 
animals that received the smaller dose of 0.1 cc. 1:70 (Table II) 
They were present in this node in those animals that had large number 
of streptococci in the inguinal lymph nodes. It cannot be assume( 
that all of the lymph that reaches the iliac node has passed througl 
the inguinal, but cultural differences after inoculation give some in 
sight into the relation of proximal and distal nodes to skin infectioi 
and show that these nodes are fairly effective bacterial filters, thougl 
they permit the passage of some bacteria. 

It is noteworthy that the passage of streptococci from inguinal tc 
iliac lymph nodes occurred in great part wthin the first 15 minutes 
following intracutaneous injection. In the one instance (R. 47) 
in which colonies were obtained from the iliac nodes after 1 hour, there 
was an unusually large number in the inguinal node. In the one in- 
stance (R. 41) in which there were streptococci in the iliac l}anph node 
after 24 hours, there was progressive infection involving both skin 
and l3Tnph nodes. 

Blood and Internal Organs . — Organisms were recovered from the 
heart blood in only 1 of 31 cultures. Streptococci were grown from 6 
of the 20 spleens that were cultured. The liver was cultured in 12 
instances and no organisms were recovered. 

These experiments demonstrate that a small number of tlie strepto- 
cocci that are injected into the skin enter tire blood stream. If it is 
assumed that they have found their way into the blood by way of the 
lymphatics, rather than through capillaries at tire site of injection, 
they have not been retained by the superficial or deep lynrph nodes. 
Since a small part of the streptococci that reach tire inguinal lymph 
nodes pass through them to the iliac nodes, it can be assumed tliat an 
even smaller number pass from the iliac nodes to blood. 

Experments on Sensitized Rabbits 

Chindiilla rabbits ranging in weight from 1,600 to 2,200 gm. were sensitized by 
intracutaneous injections of 0.1 cc. of an 18 hour culture of hemolytic streptococ- 
cus given each week during 5 weeks, or later by 0.1 cc. of 1:10 dilution in broth. 
Skin hypersensitiveness was determined by the extent of erytliema and edema, 
which often surrounded a central firmer area at the immediate site of injection. 


D. mTRRAY ANGE\TKE 


277 


homologous streptococcic filtrate. In sensitized rabbits a pink edematous vrheal 
appeared in from 2 to 4 hours and reached a maximum in from 24 to 40 hours. In 
normal rabbits this filtrate caused only slight difiuse er>*thema of the skin unac- 
companied by edema. In' sensitized animals* the ruction rapidly receded; but 
occasionally formed an abscess that persisted as a firm nodule for a month or 
longer. 

In each experiment a sensitized and a normal control rabbit of about the same 
weight received 0.1 cc. of a 1:70 dilution of an 18 hour culture of hemoh^c 
streptococcus in broth. Of the animals that had received intracutaneous in- 
jections of hemolytic streptococci only those that showed acquired skin hj’per- 
sensitiveness were used. In all instances in which animals lived long enough for a 
reaction to develop (Table II), the injection of 0.1 cc. of a 1 :70 dilution of hemo- 
lytic streptococci produced a pink eiylhematous wheal visible within 4 hours, or 
occasionally somewhat earlier. In the experiments in which rabbits were killed 
within 4 hours after inoculation, it was not possible to make accurate comparison 
of the size of the skin lesions in sensitized and control animals. 

In normal rabbits this dosage usually produced only a slight diffuse redness 
that appeared 12 hours after injection, reached a maximum in 24 hours, and dis- 
appeared in 3 or 4 days. In a few normal animals no change of the skin was 
noted. 

In 16 sensitized animals that received 0.1 cc. of a 1:70 dilution of 
hemolytic streptococci, the lesions varied in size from 11 x 11 mm. with 
slight elevation, to large edematous and injected wheals measuring 
60 X 60 and raised 5 mm. In the control rabbits, save in one instance, 
they w’ere much smaller and varied from no visible change in a few 
animals to slight redness with ill defined edema in an area not exceed- 
ing 20 mm. in diameter. The one exception was in Experiment 23 
(Table 11) in which there was unexplained progressive infection in the 
control animal and an inflammatory^ reaction that measured 30 x 30 
mm. and was raised 3 mm. This unusually severe reaction may have 
been caused by the great multiplication of bacteria that occurred at 
the site of injection, or the animal may have possessed the “native 
sensitirity” described by Kahn (14). 

fllood cultures were made from the left ventricle of 15 animals in each group. 
Hie spleen was cultured in instances and the liver in 24. The entire spleen was 
ground in a mortar and 5 cc. of broth were added slowly* I cc, of the tnalerial in 
melted blood agar was poured into each of 2 Petri dishes so that the number of 
colonics on each Petri dish represented approximately onc^fifth of the organisms in 
the spleen. 1 gm. of liver was ground with 5 cc. of broth and \vas plated as above, 
the number of organisms in each Petri dish being those in approximately 0.2 gm. of 
liver tissue. 
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The results of culturing the skin and inguinal lymph nodes in sensi- 
tized and normal rabbits are given in Table II. In 24 experiments 
the average number of streptococci injected was 199,000. 

TABLE n 


The Number of Streptococci Recovered from the Skin and Inguinal Lymph Nodes of 
Normal and Sensitized Rabbits after Iniraeutaneous Injection of the Organism 


0.1 cc. 1:70 
dilution 

Normal rabbits 

Sensitized rabbits 

Experiment 

No. 

Time interval 

No. of organ- 
isms injected 

No. of organisms recovered 

No. of organisms recovered 

Skin 

Inguinal 
lymph node 

Skin 

Inguinal 
lymph node 

1 

15 min . 

678,000 

855,000 

26 

455,000 

20 

2 

32 “ 

53,000 

982,000 

0 

311,000 

22 

3 

1 hr . 

42,000 

38,000 

9 

112,000 

0 

4 

1 “ 

90,000 

19,000 

26 

9,000 

4 

5 

1 

170,000 

77,000 

18 

152,000 

0 

6 

1 “ 

148,000 

302,000 

4 

474,000 

4 

7 

1 “ 

98,000 

116,000 

0 



8 

1 “ 

63,000 

2,900 

588 



9 

1 “ 

210,000 

276,000 

274 



10 

2 hrs . 

28,000 

9,200 

4 

505,000 

0 

11 

2 “ 

76,000 

572,000 

2 

1,158,000 

0 

12 

3 “ 

2,200 

13,000 

161 

165,000 

0 

13 

3 “ 

478,000 

3,020,000 

12 

11,650,000 

0 

14 

4 “ 

468,000 

13,620,000 

4 

14,720,000 

0 

15 

4 “ 

99,000 

74,000 

2 

873,000 

0 

16 

5 “ 

— 

7,010,000 

70 

16,860,000 

1 

17 

7 “ 

156,000 

18,800 

19 

19,200 

0 

18 

12 “ 

678,000 

22,000 

1 

88,500 

33 

19 

12 " 

390,000 

200 

0 

60,000 

0 

20 

12 “ 

48,000 

0 

0 

39,000 

0 

21 

18 “ 

440,000 

0 

0 

3,700 

10 

22 

18 “ 

114,000 

0 

0 

13,600 

0 

23 

24 “ 

41,700 

5,972,000 

30 

4,298,000 

0 

24 

24 “ 

42,000 

0 

0 

2,000 

0 

25 1 

24 “ 

215,000 

0 

0 

0 

0 

26 1 

48 “ 

365,000 

0 

0 

0 

0 

27 

72 “ 

365,000 

0 

0 

0 

0 


Site of Injection . — Streptococci were grown from the skin in 21 of 24 
sensitized rabbits and in 20 of 27 controls. A larger number of 
orgamsms was recovered from the skin of the sensitized than from the 

. 1 1 1 •j . 4 #7 j. 04 OA of 













D. MURRAY AKGEVINE 


279 


Of the 4 normal rabbits in which there were in the skin more organ- 
isms than in sensitized animals, 3 were killed within the 1st hour, 
namely after 15 minutes, 32 minutes, and 1 hour respectively, and the 
fourth was the exceptional animal (Experiment 23) that was killed 
after 24 hours with excessive multiplication of organisms. After the 
1 hour interval, with only one exception, more organisms were recov- 
ered from the skin of sensitized rabbits. During the period from 1 to 
5 hours after inoculation streptococci have evidently multiplied at 
the site of inoculation. Subsequently there was a gradual decrease 


TABLE m 

Number of Sensitized and Comparable Normal Control Rahbiis vnih Streptococci in 
Lymph N odes , Blood, or Internal Orgayis 


Culture taken from 

N'onaal rabbits 

Sensitized rabbits 

No, of 
rabbits 

SboTrieg fccnolytic 
streptococci m 
culture 

No, of 
rabbits 

SboTTing hemol^'tic 
streptococci in 

1 culture 

No. 

Per cent 

No. 

! Per cent 

Inguinal l>Tnph node 

27 

1 17 

62.9* 

1 

24 1 

7 

29.lt 

niac IjTnph node 

5 


40 

5 

0 

— 

Blood 

16 


6.2 

16 

■■ 

— 

Spleen 

20 


30 

13 


— 

Liver 

12 

0 

— 

12 

■1 

— 


* Streptococci averaging 46.2 per I>Tnpb node, 
t Streptococci averaging only 3.9 per hTnph node. 


in number until 24 hours after inoculation, when microorganisms had 
disappeared. 

In the skin of normal rabbits there was considerably less multiplica- 
tion and few streptococci were recovered from the site of injection in 
experiments done 12 hours after injection. Later they entirely dis- 
appeared except in the normal animal in Experiment 23. 

None of the sensitized animals was allowed to live more than 72 
hours and no organisms were recovered after 24 hours. Cultures were 
made in one instance S days and in another 23 days after injection of 
sensitized rabbits, and no growth was obtained, Andrewes, Dcrid:, 
and Swift (15) recovered green streptococci from lesions of sensitized 
rabbits 6 dtiys after injection. 



















280 


AVmULENT HEMOLYTIC STREPTOCOCCI 


From these experiments it is evident that after intracutaneous injec- 
tions of small doses of avirulent hemolytic streptococci into sensitized 
rabbits, there is a more acute inflammatory reaction, and in most 
instances larger numbers of organisms are obtained from the injected 
skin than from normal rabbits similarly injected. The organisms 
moreover disappear from the skin of the normal rabbits much sooner 
after injection. 

Inguinal Lymph Node . — There are conspicuous differences in the 
number of bacteria recovered from the inguinal lymph nodes of sensi- 
tized and normal rabbits. Streptococci were grown from the inguinal 
lymph node in only 7 of 24 sensitized animals, whereas they were 
recovered from 15 of the 24 controls (Table II). Table III shows the 
results of cultures made from the lymph nodes of sensitized and com- 
parable normal animals. In no instance were organisms recovered 
from the inguinal lymph node after they had disappeared at the site 
of injection. 

Iliac Lymph Node . — Streptococci were recovered from the iliac l3Tnph 
node in 6 of 15, or 40 per cent of the normal rabbits listed in Table I 
and were present only when there was a fairly large number of organ- 
isms in the inguinal lymph node. The iliac nodes from sensitized 
rabbits (Table III) were all negative, whereas in the control rabbits 
organisms were recovered from 2 of 5 iliac lymph nodes. 

Blood and Internal Organs . — Streptococci were obtained from the 
blood of only 1 of 31 normal animals (Tables I and III). A few 
colonies of hemolytic streptococci appeared in the plate from the 
heart’s blood of this rabbit killed 15 minutes after inoculation. Blood 
cultures from sensitized rabbits were all negative. 

The spleens of 20 normal animals were cultured and 6 contained 
streptococci in moderate number. No streptococci were obtained from 
the spleens of 13 sensitized animals. Cultures were made from the 
livers of 12 animals of each group and all were negative. 

It is evident that normal lymph nodes of rabbits are fairly efficient 
filters for hemolytic streptococci injected into the skin and few reach 
the blood and internal organs. Lymph nodes of sensitized animals 
are apparently impervious to hemolytic streptococci. 
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Histological Changes at the Site of Injection in Normal and 
Sensitized Animals 

A group of 8 rabbits received each "week during 13 weeks intracu- 
taneous injections of 0.1 cc. of a 1:10 dilution of living hemolytic 
streptococci. The injections were stopped for 7 weeks, and after this 
interval one more injection was given in order to determine the degree 
of sensitivity. Shortly after this injection these rabbits together with 
8 normal rabbits received an intradermal injection of 0.1 cc. of a 1 : 70 
dilution of hemolytic streptococcus (176,000). The site of injec- 
tion was carefully marked with India ink, which remained visible 
until the tissue was ready for sectioning. The rabbits were killed in 
pairs after intervals of 2, 4, 6, 8, 12, 24, and 48 hours. The skin at 
the site of injection and the inguinal l 3 Tnph nodes were fixed in Zenker’s 
fluid and stained with Mallory’s eosin and methylene blue. Descrip- 
tions of the skin lesions in the two groups of animals follow. 

After Z Bours 

R, Zll Sensitized, — ^The lesion measures 11 x 11 x 2 mm. There is diffuse 
infiltration of pol>Tnorphonuclear leucoc>i;es, and scant edema. Many chains of 
streptococci are seen, and about them poUmorphonudear cells are concentrated, 
but there is vcr>" little phagoc>’tosis. A few eosinophile ceils are present. There 
is slight swelling of the endothelial lining of the small vessels. 

R, 337 Control — ^There is no \dsible change at the site of injection. There is 
slight infiltration of pohunorphonudear cells and a few coed in chains are seen in 
the section. The reaction is much less conspicuous than in R. 211. 

After 4 Hours 

R, 255 Sensitized, — The skin lesion measures 20 x 22 mm. There is much edema 
with distension of the subcutaneous areolar tissue and considerable deposit of 
fibrin. There arc many poUmorphonudear leucocytes and they show more 
tendency to collect in fod than at the 2 hour period. Strcptococd are numerous, 
and many of them arc adherent to the collagen fibrils. The endothelium of the 
small vessels is swollen and their lumina are entirely filled with pohTnorphonudear 
leucocytes. 

R, 34S CenireJ,— The skin shows slight redness that measures 10 x 12 mm. 
Tlicrc is vcr>' little edema but a diffuse infiltration of pol>*morphonudcars and 
many bacteria arc seen singly, in pairs, and in chains. There is no tendency- to 
concentration in any one area. The greater number of organisms He free in the 
tissue adjacent to po]\Tnorphonudcar cells which have ingested fcv.- coed. 
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After 6 Hours 

R. 258 Sensitized. — The lesion is edematous and measures 22 x 27 x 3 mm. A 
well circumscribed zone of densel}^ packed pol 3 miorphonuclear cells with a few 
mononuclear cells surrounds an area of necrotic tissue in wliich there are large 
numbers of streptococci. There is scant phagoc 3 "tosis. 

R. 339 ControL — The lesion measures 11x11 mm. There is a small area of 
necrosis in the epidermis. There is no edema and pol)unorphonucIcar cells are in 
much smaller number than in R. 258. A moderate number of cocci occur singly 
and in pairs scattered throughout the section. 

After 8 Hours 

R, 290 Sc7}sitizcd. — The skin lesion measures 20 x 27 x 5 mm. and is moderately 
edematous but not injected. In its central part there is dense infiltration with 
pol 3 TOorphonuclear leucoc 3 ''tes, and a considerable number of red blood cells. 
There is definite necrosis and in this necrotic area there is a small collection of 
streptococci that has not been invaded b 3 ^ the cellular exudate. There is more 
phagocytosis than in the otlier sections. 

R. 309 ControL — ^The skin lesion measures IS x 5 mm. ]Microscopica% there 
is a moderate edema and a diffuse infiltration of pol 3 ^morphonuclear leucoc 3 des, in 
the center of which there is beginning necrosis, less conspicuous, however, tlian in R. 
290. A moderate number of cocci are seen, but there is little if an 3 ’' phagocytosis. 

After 12 Hotirs 

R. 292 Sensitized. — ^Edematous swelling measures 25 x 18 x 4 mm. and there is a 
well circumscribed abscess in its central part measuring 2x3 mm. The normal 
tissue is replaced by a dense, sharpty defined collection of pol 3 TOorphonuclear 
leucoc 3 "tes, in tlie center of which there is necrosis. At tlie peripher 3 " of tlic 
abscess there are pol 3 ’'morphonuclear leucocytes and mononuclear phagoc 3 ^tes in 
fairly large numbers. 

R, 344 ControL — The skin lesion measures 14 x 13 mm. Infiltration of pol}"- 
morphonuclear leucocytes somewhat more diffuse than in R. 292 and a few mono- 
nuclear cells are seen. There is ver 3 ^ little edema. Some phagoc 3 ''tosis of cocci is 
found. Man 3 ' small vessels are filled with cells and fibrin, and the endotlielium is 
often swollen. 


After 24 Hours 

R. 294 Sensitized. — The lesion measures 50 x 22 x 5 mm. There is a large area 
of necrosis composed cliiefl 3 '' of degenerated leucoc 3 '’tes and disintegrated collagen 
fibers. There is edema separating the remaining fibrils. A few cocci are seen 
singh^ and in pairs and mononuclear phagoc 3 »'tes are numerous. Fibrin in con- 
siderable amount is deposited in several places. 

R. 345 ControL— The lesion measures 11 x 10 mm. There is a fairly well local- 
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ized collection of pol>TnoTphonuclear leucocytes.suirounded bj' mononuclear cells 
that have ingested coed. 

After 48 Hours 

R. Z97 Sensitized , — ^The skin lesion measures 30 x 40 x 5 mm. There is a large 
localized abscess vrith extensive necrosis in its central part. There is active 
phagocytosis of streptocoed and much fibrin is present. A few free coed are seeru 
jR. 340 Control , — ^The lesion measures 8x8 mm. A small area beneath the 
epidermis is infiltrated with pol>Tnorphonudear leucoc>'tes, h-mphocytes, and 
mononudear cells. A few fibroblasts are present. 

The reactions in the skin of hypersensitive rabbits began earlier, 
proceeded more rapidly, and were accompanied by much more edema 
than those in the normal controls. Necrosis in the center of the inflam- 
mator}"' area was more extensive and there was a more sharply defined 
collection of leucocytes. Phagocytosis was equally active in the 2 
groups but was not conspicuous in either, though it began earlier in 
the sensitized rabbits. Deposition of fibrin occurred earlier in the 
sensitized rabbits. It was not possible to make a valid comparison 
of the number of bacteria in the different sections of skin, but they 
seemed to be more numerous in the skin of the h 3 q)ersensitive rabbits 
than in the corresponding controls. 

The intensity of the inflammatorj’' reaction in the l>Tnph nodes was 
closely parallel to that seen in the skin from the same rabbit. Both 
polymorphonuclear leucocytes and mononuclear cells appeared in the 
lymph node of the sensitized rabbits sooner than in the controls. 
Many macrophages were present in the lymph nodes of all the animals 
after 24 hours. 

SXJIDCARY AND CONCLUSIONS 

1. A relatively^ a\drulent strain of hemolytic streptocoed injected 
into the skin of normal rabbits seldom diminished and usually^ increased 
in number during the first 5 hours after inoculation but after 12 hours 
save in exceptional instances the organisms diminished rapidly and 
disappeared. 

2. Hemolytic streptococci injected into the skin of normal rabbits 
passed rapidly from the site of injection to the regional lymph nodes 
from which they were recovered in considerable number within 15 
minutes. Passage of bacteria from the skin of the abdomen to the 
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inguinal lymph node was greatest wthin 2 hours after injection and 
gradually decreased so that few organisms were recovered from the 
lymph nodes after 7 hours. 

3. Hemolytic streptococci that reached the inguinal lymph node 
passed in small numbers to the distal or iliac lymph node, but this 
passage save in exceptional instances of progressive infection was 
limited to a period within 1 hour after inoculation. 

4. Avirulent hemolytic streptococci injected into the skin of normal 
animals penetrated into the blood; they were seldom recovered from 
the circulating blood but \vere more frequently found in the spleen. 

5. When hemolytic streptococci were injected into the skin of sensi- 
tized rabbits they multiplied at the site of injection during the first 5 
hours after inoculation and at corresponding time intervals a larger 
munber of organisms w^ere recovered from the sensitized than from 
normal control animals. Streptococci dimi nished and disappeared 
earlier from the skin of control than from that of sensitized rabbits. 

6. Hemolytic streptococci injected into the skin of the flank of 
sensitized rabbits reached the inguinal lymph node in much smaller 
numbers than in normal rabbits, and this passage from the site of 
injection to the lymph node save in an occasional instance of progres- 
sive local infection ceased after the 1st hour. No streptococci passed 
from the inguinal to the iliac lymph nodes of sensitized animals and 
none were found in the blood or internal organs. 

7. Histological examination showed that the inflammatory reaction 
following the injection of hemolytic streptococci into rabbits sensitized 
to this organism began sooner than in the normal animal; edema was 
more extensive and both polymorphonuclear leucocytes and large 
mononuclear cells appeared sooner. The lesion of a sensitized animal 
was more sharply circumscribed and there was necrosis of tissue, 
seldom seen in the normal animals. 

8. In sensitized animals local injury with necrosis favors the multi- 
plication of relatively avirulent streptococci at the site of entry and 
explains their survival at a time when they have disappeared in the 
controls. 

9. In association uuth greater local injury and a more intense inflam- 
matory reaction in the sensitized animal as compared with the normal 
streptococci are fixed at their site of entry; theypass to adjacent lymph 
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THE IMATERNAL TRANSMISSION OF VACCINIAL 
BBIHNITY IN SWINE 

II. The Deration* or Active LuroN-ixY in the Sow and of Passat; 
Immumty in the Young 

By JOHN B. NELSON, Ph,D. 

(From the Department of Animal and Plant Pathology of The Rockefeller Institute for 
Medical Research, Princeton, N, /.) 

(Received for publication, June 21, 1934) 

Observations on the maternal transmission of immunity to a filter- 
able virus, namely vaccinia virus in svrine, were reported in a preceding 
paper.^ It was found that pigs which had received colostrum from 
their vaccinated dams were generally refractory to vaccination during 
the early days of life, whereas their litter mates which had been raised 
without colostrum regularly responded to vaccination with a typical 
cutaneous reaction. It was concluded that the porcine placenta is 
impermeable to any appreciable amount of the protective substance 
elicited as the result of vaccination and that the colostrum functions 
as the vehicle for its transport to the young. 

The present report is concerned with 3 additional phases of the 
transmission of vaccinial immunity in swine, (1) the duration of 
maternal transfer; (2) the duration of immunity acquired by the suck- 
ling young, and (3) the effect of early vaccination on the persistence 
of this immunity. 


The Duration of Maternal Transfer 

Two immune sows which had originally been vaccinated in the late 
fall of 1930 w'crc followed through 6 successive farrowings with the 
view of determining hov' long they would continue to transmit pro- 
tective substances to their nursing young. 

Suckling pigs from each of the 6 litters farrowed by the 2 sows were \’ncdnated 
during the 1st or 2nd week of life. The test pigs were chosen at random and vrerc 

' Nelson. J. B., 7, Med,, 1932, S35. 

2ST 
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believed to be representative of the several litters. The vaccinia virus^ was 
rubbed into parallel scratches made in the skin over the inner surface of the flank. 
The vaccinated pigs were subsequently kept under observation for a period of 
10 to 14 days and during this period they continued to nurse their respective 
dams. 

The results of the vaccination tests on the suckling young from the 2 
immune sows, together with the size of the litters and the dates of 


TABLE I 

The Reaction of the Suckling Young from 6 Successive Litters to Vaccination 


LUtcr No. 

Sow No.* 

Date of farrowing 

No. of pigs 

No. of ^ 
suckling pigs 
%»accinated 

No. of 
reactors 

1 

1 

Apr. 

6, 1931 

7 

o 

0 


2 

May 

1, 1931 

9 

3 

0 

2 

1 

Oct. 

1, 1931 

6 

3 

0 


2 

Oct. 

18, 1931 

8 1 

4 

0 

3 

1 1 

Mar, 

20, 1932 

6 

1 

3 

0 


1 2 

Apr. 

14, 1932 

12 

3 1 

0 

4 

1 

1 

Sept. 

9, 1932 

i 6 

3 

1 

0 


2 

Oct. 

10, 1932 

12 

4 

0 

5 

1 

1 Mar. 

8, 1933 

4 

2 

0 


2 

Apr. 

28, 1933 

10 

4 

0 

6 

1 

Sept. 

5, 1933 

7 

4 

0 


2 

Oct. 

11, 1933 

6 

3 

0 


* The SOW’S were vaccinated in the late fall of 1930. 


farrowing are presented in Table I. The pigs from each pair of the 6 
litters were uniformly refractory to vaccinia, there being no response 
to the cutaneously introduced \drus in any case. In addition to the 
young which were tested during the 1st or 2nd week of life a total of 13 
pigs, from various litters, were vaccinated at a later time. These pigs 
like\vise failed to show a cutaneous reaction. The suckling young of 

* The vaccinia virus employed in vaccination was obtained from the Laborato- 
ries of the New’ York City Department of Health through the courtesy of Dr. 
W. H. Park. 
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during the first few days of life exerted any immunizing effect in the 
absence of a visible local reaction. Was the transient immunity ac- 
quired by suckling converted thereby into one of long duration? To 
answer tliis question suckling pigs which had been vaccinated, without 
take, shortly after birth were revaccinated 12 to 13 weeks later and their 
response compared mth that in litter mates which had also nursed 
but had not been pre\aously vaccinated. 

The results of the tests on 9 pairs of pigs from 6 different litters 
are presented in Table III. In eight cases the paired pigs showed 
practically identical reactions. In one instance only, Pair 5, was a 


TABLE III 

The Response of Vaccinated and Unvaccinated Litter Mates to Vaccination during the 

12th to 13th Week of Life 


No. 

Tj-pe of reaction 

Vaccinated young 

Un\*accinatcd young 

1 

Vesicular 

Vesicular 

2 1 


iC 

3 i 

Papular 

Papular 

4 

Vesicular 

Vesicular 

5 

Papular 

(€ 

6 

Vesicular 

ii 

7 

it 

tt 

8 

tc 

' tt 

9 

Papular 

Papular 


difference in the degree of susceptibility indicated. The previously 
vaccinated pig in tliis case showed a papular reaction wliile its unvac- 
cinated litter mate responded with the formation of vesicles. 

DISCUSSION 

Since there is no reason to believe that the suckling pigs wliich were 
tested were different in any respect from their unvaccinated litter 
mates, it can be assumed that their immune dams produced and 
transported in their colostrum, during the 3 year period of observ^a- 
tion, a sufficient amount of protective substance to afford immunity 
in the one case to 37 and the other to 57 young. These figures repre- 
sent the total number of pigs farrowed by each of the 2 sows, re- 
spectively. 
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It appears evident that the immune mechanism of the vaccinated 
sow is able to compensate repeatedly for the amoimt of protective 
substance which is lost with each parturition. The actual concentra- 
tion which is lost in this way must be considerable since protection 
may be afforded to as many as 12 individuals at the termination of a 
single pregnancy. 

The immunity acquired by the nursing pigs was clearly passive. 
In most instances complete protection was afforded only during the 
first 4 or 5 weeks after birth, at least in so far as the concentration of 
virus employed in vaccination was concerned. The immunity began 
to decline during the 2nd month and by the end of the 3rd month approxi- 
mately 75 per cent of the pigs were again susceptible. There was no 
indication that the decline in protection was any more rapid with the 
pigs of the 6th litters than with those of the earlier ones. The dura- 
tion of the suckling immunity was not significantly prolonged by the 
virus which was cutaneously introduced, without reaction, during the 
early days of life. 


SUMMARY 

The protective substances produced by vaccinia virus in swine are 
transmitted repeatedly to the young by way of the colostrum of the 
sow. In 2 instances suckling immunity was demonstrable in the 
j^oung of 6 successive farrowings which numbered 37 and 57 indi- 
viduals, respectively. 

The immunity acquired by suckling began to decline during the 2nd 
month and was practically negligible by the end of the 3rd month. 
Vaccinia virus introduced cutaneously during the first few days of life 
in the passively protected pigs exerted little or no immunizing effect. 




A. FACTOR FROM NORjMAL TISSUES INHIBITING TUjNIOR 

GROWTH* 


Bv JA2^IES B. :MinUPHY, M.D., akb ERNEST STUKM 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, June 21, 1934) 

A factor has been demonstrated in certain tumors of the fo^rl which 
has a definite inhibiting or neutralizing action on the transmitting 
agents of these tumors (1). It has proved to be non-specific in its 
effect, as shown by the fact that it will slow down or actually prevent 
the growth of a mouse sarcoma (2). It has been suggested that this 
factor may be related to the control or balancing mechanism of normal 
cells. The present paper is a report of an investigation designed to 
test the possible presence of a growth-inhibiting factor in active normal 
tissues (3). 

It might be expected that tissues vrith the greatest growth energy 
would require a greater concentration of the hypothetical balancing 
factor to insure controlled and regulated growth. Therefore, the 
embr>"onic tissues have been utilized as the main source of material 
investigated. 

Material aiid Method 

Several strains of standard transplantable mouse tumors have serv’ed as the 
medium on which the growth-inhibiting factors were tested, the principal ones 
being the Bashford Adenocarcinoma Xo. 63, Carcinoma 4S, and Sarcoma 180. 

FoUownng the method which had given the best ricld of the inhibiting substance 
from the fowl tumors, desiccates of the tissue were cmploj'cd. The tissues or 
organs to be studied were removed, minced finely, spread in a thin layer, and 
placed immediately in a \’acuum jar over sulfuric add. After being c\*acuated 
down to about 1 mm. mcrcur>' the container was placed in a freezing box and 
allowed to remain until desiccation was complete. The dr}* flakes were ground to a 
fine powder and stored in scaled tubes at ice box temperature until used. The 
test solutions w ere prepared by thoroughly extracting 0.1 gm. of the desiccate with 
2 cc. of water, by pumping back and forth in a S}Tingc through a coarse needle. 

• This investigation was carried out under the Rutherford Donation, 
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The larger particles were centrifuged out and generally the supernatant fluid was 
heated at 48'^C. for 30 minutes. The Bashford tumor ^Yas cut into generous sized 
grafts and these were nicked in several places to give a greater area of exposed 
surface. Half of these w^ere placed in the test solution and half in normal salt 
solution. The time of contact was only that required for loading the grafts into 
trocars. A certain amount of the extract was carried along with the inoculated 
material. Witli No. 48 and the sarcoma, cell suspensions were generally used for 
inoculation. These were prepared by pressing the tumor through a fine wire mesh, 
and half of the Brci was suspended in the tissue extract and the other half in normal 


TABLE I 

Efect of Extracts of Mot(sc Placenta and Embryo Skin on Mouse Tumor Bashford 63 


Material inoculated with Bashford 
tumor graft 

No. of 
experi- 
ments 

No. of 
mice 
inocu- 
lated 

No. of 
tumors 

Average size 
of tumors 

No. 

negative 

Per cent 
negati\x 





cm. 



Extract of dr>’' mouse placenta 


225 

91 

1.02x0.82 

134 

59.6 

Salt solution (grafts inoculated ; 


211 

163 

1.43x1.10 

48 

22.7 

in same animals as above) 

19 






Salt solution (grafts inoculated 


no 

109 j 

1.73x 1.36 

IS 

16.4 

in other animals) 


1 





Extract of dr}'' embryo skin 


144 

64 

1.09x0.97 

! 80 

55.5 

Salt solution (grafts inoculated 


; 84 

66 

1.38x 1.08 

18 

21.4 

in same animals as above) 

10 






Salt solution (grafts inoculated 


90 

69 

1.66x 1.36 

25 

27.7 

in other animals) 







Extract of fresh placenta or 


79 

56 


23 

29.1 

embryo sldn 

8 






Salt solution 


70 

40 


30 

40.2 


salt solution in a ratio of 1 :1 between cells and suspending fluid. From 0.05 to 
0.1 cc. of these suspensions were injected. In order to secure a more complete 
check each animal inoculated with the tumor and tissue extract in one groin 
received the control inoculation of the tumor in salt solution in the other groin. 
Besides these controls additional animals were frequently inoculated in both groins 
with the same tumor material in salt solution. 


^ It was perhaps not sufficiently emphasized in our earlier papers on the inhib- 
itors in the fowl tumors that the test and the control materials ^Ye^e botli in- 
oculated in each fowl, using the intradermal site where accurate measurements 
may be obtained. By having each test controlled in the same animal the natura 
variation in degree of susceptibility is eliminated in judging the results. 
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TJie Effect of Homologous Tissue Extracts on the Grorcoth of Transplant- 

able Tiiviors 

The first investigation carried out with various homologous 
tissues, but only two strains of tumors were used as indicators. 

ExpermcnL—Fxtsh tissues were utilized for the earlier experiments and they 
induded fresh mouse placenta, embryo skin, and skinless embrj'os, with the 
extracts both heated and unheated. These extracts tested by 222 inoculations of 
the Bashford 63 failed to show any detectable efiect on either the number of takes 
or the growth rates of the resulting tumors. . Likewise, extracts of desiccated 
skinless embr>'os and mouse blood, tested by 102 inoculations of the same tumor, 
showed no influence on the resulting tumors as compared with the controb. 

The major experiments were directed towards testing extracts of desiccated 
mouse placenta and embr >'0 skin, as preliminarj- tests had indicated an effect on 
tumors by extracts of these two tissues. 

The methods used were those described above. The length of contact between 
the tumor graft and the solutions was at the maximum 20 minutes. As the heat- 
ing of the extract at 48®C. for 30 minutes had no material effect on the result all 
of the experimental results are grouped together. In the majorit>' of instances 
the control material of tumor immersed in salt solution for a corresponding time 
was inoculated into the same animal, as well as in other animals. The results, 
including the average size of the tumor, are given in Table I. 

The outcome of a typical experiment is shown in Text-fig. 1. 

A similar test was carried out on the effect of the embrj’o skin and 
placenta extracts on IMouse Sarcoma 180. The results of these are 
given in Table 11, 

The extracts of desiccated mouse placenta and mouse embryo skin 
give evidence of inhibiting the grow^th of the Bashford Mouse Tumor 
63. The test involved 369 inoculations controlled by 495 inoculations 
of the same tumor and the effect is shown not only by the material 
reduction in the number of takes of the treated grafts but by the slovr 
rate of growth of such tumors as were not completely suppressed. In 
fact there were very few instances in v/hich the tumor arising from the 
treated graft was not definitely smaller than that from the control 
graft inoculated into the same animal. There was an absolute failure 
of extracts prepared from fresh placenta or cmbrj'o skin to produce 
any effect on the growth of this tumor. The Mouse Sarcoma ISO 
which was definitely retarded by the inhibitor from chicken tumors (2) 
was unaffected by extracts cither from fresh or desiccated mouse 
tissues. 
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Baehford 
+ + 

mouse placenta salt 

extract solution 


Right groin. Left groin 


1 

2 

3 

4 

5 

6 
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8 
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• 

€1 

17 

• 

A 


• 

18 

m 

• 

m 

• 

19 

m 


% 

• 

20 

• 

• 


• 


65 per cent 

16 per cent 

60 percent 

26 per cent 


negative 

negative 

negative 

negative 


Text-Fig. 1. 

Effect of homologous tissue extracts on moi 


Bashford grafts 
+ + 

mouse embryo salt 

skin extract solution 

Right groin Left groin 


Additional 
controls 
Bashford grafts 
salt solution 

Both groins 


20 per cent 
negative 


Attejnpis to Induce General Rcsistaiice 

While there is nothing in the above described experiments to suggest 
that the results are in any way connected with the well knotra induced 
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resistance to transplantable tumors, it seemed advisable to test this 
point. The method by which this resistant state is brought about is 

TABLE n 


Effect of Homologous Tissue Extracts on Mouse Sarcoma 180 


Material inoculated with ilousc 
Tumor 180 

No. of 
operi- 
ments 

No. of 1 
mice 
inocu- 
lated 

No. of 
tumors 

Average sze 
of tumors 

No. 

negative 

Per cent 
negative 

Extract of dr>^ mouse placenta 

10 

86 

85 

err., 

2.05 X 1.75 

■ 

1.2 

Salt solution 

69 

69 

2.20x1.90 

0 

i 

0.0 

Extract of dry embr>'o skin 


I 49 

49 

1.70x1,30 

1 0 

0.0 

Salt solution 

0 

50 

' 50 

1.70x1.20 

0 

0.0 

Extract of fresh placenta 

9 

12 

12 

1.80 X 1.55 1 

0 

0.0 

Salt solution 

X- 

12 

12 

2.10x1.70 

0 

0.0 

Extract of dr>' skinless embr>*o 


59 

59 

2.35 X 1.85 

0 

0.0 

Salt solution 

/ 

47 

47 

2.55 X 2.15 

1 

2.0 

Extract of fresh skinless cmbrj'o 

2 

12 

12 

2.20x 1.00 

0 

0.0 

Salt solution 

12 

12 

2.10x 1.70 

1 

0.0 


TABLE m 

Effect of Previous Injection of Tissue Extracts on the Grerxth of Tumors 



No. of 
experi- 
ments 

_No. of 
mice inocu- 
lated 

No. 

negative 

Per cent 
negative 

0.2 cc. placenta or embr>'o skin extract in- 
jected 7 days prior to inoculation of Bash- 
ford tumor 

4 

44 

14 

31.8 

Bashford tumor alone (control) ! 


34 

8 ' 

23.5 

0.2 cc. placenta of cmbn’o skin extract in- 
jected 7 days prior to inoculation of Sar- 
coma ISO 

2 

12 

j 

CO 

Sarcoma ISO alone (control) 


IS 

1 

1 ® 

0.0 


the injection of homologous Imng normal cells into the animal 7 to 
10 days prior to the inoculation of the tumor. 


Exfrrirrcn!,--ll 2 .scd on four experiments, 44 mice vrere ghxn subcutareouriv 
0.2 cc. of either an extract of dr>' placenta or dr>' cmbr> o shin, and 7 days later 
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these mice were inoculated with grafts of the Bashford tumor. At the same time 
34 controls were inoculated with the same tumor. A similar experiment was 
carried out on mice subsequently inoculated with Sarcoma ISO. The results of 
these tests are given in Table III. 

There is no evidence from these experiments that extracts of 
desiccated placenta or embryo skin induce a subsequent general 
resistance to inoculated tumor. 


TABLE IV 

Effect of HcIcroJogous Tissue Extracts on the Bashford Tumor 


Material inoculated with Bashford 63 

No. of 
experi- 
ments 

No. of 
mice 
inocu- 
lated 

No. of 
tumors 

Average size 
of tumors 

No. 

negative 

Per cent 
negative 

Extract of desiccated rabbit 


68 

23 

cm. 

1.52.x 1.30 

45 

66.2 

placenta 

Salt solution 

6 ; 

68 

47 

1.97 X 1.40 

21 

30.9 

Extract of desiccated rat 


59 

17 

1.10x0.90 

42 

71.1 

placenta 

Salt solution 

5 

59 

43 

1.60 X 1.20 

16 

27.1 

Extract of desiccated rat em- 


i 40 

' 18 

0.90x0.70 

22 

55.0 

bryo skin 

Salt solution 

4 

40 

26 

1.40 X 1.00 

12 

30.0 

Extract of fresh rabbit placenta 

9 

17 

14 

1.32 X 0.95 

3 


Salt solution 


17 

13 

1.30 X 1.05 

4 



Inhibiting Action of Heterologous Tissue Extracts 

As noted above, the inhibitors from chicken sarcomas are not species 
limited in their action, as shown by their effect on mouse sarcoma. 
In the next group of experiments we tested heterologous tissue extracts 
on transplantable mouse tumors. 

Experiment . — ^In a series of 293 inoculations, controlled by 283 inoculations, the 
following heterologous tissue extracts showed no very definite effect on either the 
Bashford Tumor 63 or Carcinoma 48; desiccated and fresh calf thymus, desiccated 
kidney and spleen of the rat and rabbit, early and term human placenta, and early 
cow, rabbit, and hog placenta. 

The main e.xperiments were tests of rat and rabbit placenta and rat embri’o 
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skin. The methods emploj-ed were those described above. The materials were 
collected during the later stages of pregnanc>% The data from tests on Bashford 
tumor grafts are given in Table B', and for cell suspensions of Tumor 48 in Table 
V. The results of a tj*pical experiment are shown in Text-fig. 2. 

The inhibiting action of rat placenta and embryo skin and of rabbit 
placenta is quite definite. As in the case of the homologous tissues 
the action is manifest not only by the complete suppression of growth 
in a high percentage, but where the suppression was not complete 
the growth rate of the resulting tmnors was almost invariably dis- 
tinctly slower than that shown by the control grafts in the same 

TABLE V 


Effect of Heterologous Tissue Extracts on Mouse Carcinoma 4S 


Material inoculated tnth cell suspen- 
sion of Mouse Tunor lEO 

Ko. o! 
experi- 
ments 

Xo. of 

TOXCC. 

inocu- 

lated 

Xo, of 
tumors 

Average size 
of tumors 

Xo. 

negative 

Per cent 
negative 

Extract of desiccated rabbit 


275 

114 

cn. 

1.19x0,92 

161 

58.5 

placenta 

Salt solution 

28 

275 

220 

1,58x1.14 1 

55 

1 

20.0 

Extract of desiccated rat 


20 

7 

1.40x 1.00 

I 

13 1 

65.0 

placenta 

Salt solution 


20 

U 

1.50x 1.10 

6 

30.0 


animals. These points are well shown by Te.xt-fig. 2. The failure of 
the c.xtracts of fresh tissue are just as exddent with heterologous as 
with homologous tissues. There was no definite effect from e.xtracts 
of desiccated early cow, hog, or human placentas or from human 
placentas at term. 

The Effect of Age of Placenta on Inhibiting Action 

The absence of any vcr\' definite inhibiting action of the e.xtracts 
of early hog, cow, and human placentas and of human placentas at 
term opened the question as to whether this was due to the gap be- 
tween the species or to the age of the placentas. Wc had some 
prcliminaiy evidence that early stages of rabbit placenta were not 
active, while the later stages were active. On the basis of this ctndencc 
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of a possible bearing of the age of the placenta on its inhibiting action, 
a systematic investigation of the point was taken up. 

Experiments . — Rabbit placentas were collected at the 12th, 15th, 19th, 22nd, 
26th, and 28th day of pregnanej' (30 daj’ term) and prepared in the way described 
above. The extracts of tlie desiccates were tested on Mouse Tumor 48 in the 
usual wa}’’, with control inoculations of the tumor suspension in salt solution into 


"Mouse Tumoa 48 cells 
+ + 


rat placenta 
extract 


salt 

solution 


Right groin left groin 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 


80 per cent 
negative 


30 per cent 
negative 


Mouse Tumor 48 cells 
+ + 

12 day rabbit salt 

placenta extract solution 

Right groin Left groin 


60 per cent 
negative 


20 per cent 
negative 


Additional 
controls 
frioiise Tumor 48 cells 
salt solation 




10 percent 
negative 


Text-Fig, 2, Effect of heterologous placenta extract on mouse carcinoma 
cells. 


the same animals. The results of this test, based on 490 inoculations, are shown 
in Text-fig. 3. The data for the early stage placentas which were inactii^e are not 
included. 

In the light of the above described results it would appear that the 
lack of inhibiting property encountered in the early cow, hog, and 
human placenta and term human placenta was probably due to the age 
of the organ rather than to the difference in species.* No doubt the 

* Tests on cow placentas between the 7th and 8th month of pregnancy arc in 
progress. The present indications are that appreciable amounts of the inhibiting 
factor are present. 
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curve as represented in Text-fig. 3 might be modified by an increased 
number of tests, but a sufficient number are available to establish the 
main points. There seems no immediate explanation in the sudden 
drop between the 26th and 28th days, 2 days before term. 

DISCUSSION 

This investigation was undertaken on the hypothesis that the 
balanced state and orderly growth of normal cells is maintained by 
the interaction of two forces, one which stimulates growth and the 
other which retards it. Under this hypothesis the break in the balance 
between the factors, either the loss of the retarding or the accumula- 
tion of the stimulating factor, would lead to uncontrolled growth. 
While the reported results demonstrate the presence of a retarding 
factor when the extracts of certain active tissues are tested against 
transplantable cancer — a fact which would seem to support the hy- 
pothesis — the question raised is far too complex to justify such a con- 
clusion yet. Nor do we consider that there is suflSicient evidence to 
show that the inhibitor from normal tissues is of the same order or 
acts in the same manner as the inhibitor isolated from certain fowl 
tumors. However, there are points of probable significance. The 
inhibitor from the fowl tumors could be demonstrated only in extracts 
from desiccated tumors, and the normal tissue factor is evident only 
in desiccates of placenta and embryo skin. With both materials their 
action is not species limited but appears to be tissue limited, the factor 
from chicken tumors acting only on sarcomas, and that from placenta 
and skin only on carcinomas. This specificity of action and the fact 
that the inhibitors are not demonstrable in extracts of fresh tissues 
are taken as evidence that they are not simply proteolytic enzymes or 
some other substance generally injurious to cells. 

The explanation of the release of the inhibitor factor by desiccation 
of the tissues is not evident. It may be that in the tissues it is closely 
associated with the growth factor which neutralizes its action, and oriy 
becomes demonstrable when it is dissociated from the combination 
through desiccation. 

Before the hypothesis suggested can be seriously entertained, the 
premise that normal cell balance is maintained by the interaction of 
two forces must be established. While there is a suggestion of some 
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ich mechanism in the work of Spemann (4) and others the principle 
, still far from being established. 

SUMMARY 

Extracts of desiccated embryo skin and placenta have been found to 
xert a definite retarding action on the growth of two transplantable 
arcinomas of mice, but they were without effect on sarcomas. In 
ests involving some 828 inoculations of the tumor cells and the ex- 
racts, complete suppression of growth occurred in from 55 to 71 per 
:ent of instances, as compared with 21 to 27 per cent in the controls, 
ind where gT 0 w 1 :h was not completely suppressed some retardation 
vas found in practically every instance. To judge from findings in 
-abbits the inhibitor is not demonstrable in the placenta until the 
beginning of the second third of pregnancy, reaches its maximum by 
the last third, but disappears about 2 or 3 days before term. Extracts 
oi fresh placenta are vdthout effect, and no very definite inhibition 
was noted in extracts of a variety of other desiccated or fresh tissues. 
The conclusions here reported are based on the results of over 3800 
inoculations. 
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THE EFFECT OF A GROWTH-RETARDING FACTOR FROM 
NORMAL TISSUES ON SPONTANEOUS CANCER OF 

MICE* 

By JAilES B. MURPHY, M.D., akd ERNEST STURM 

{From the Laboratories of The Rockefeller Institute for Medical Research) 
(Received for publication, June 21, 1934) 

Extracts of placenta and embryo skin have a definite inhibiting 
action on the growth of transplantable cancers of mice (1). The 
absence of anj^ effect of these materials on sarcomas, and the finding 
that the inhibiting factor isolated from certain fowl tumors acts on 
sarcomas and not on carcinomas, suggested a degree of tissue specificity 
for these factors. The attempt to establish a principle applying to 
cancer in general on evidence derived from the transplantable tumors 
only leaves something to be desired, for these tumors always represent 
cells foreign to the host that maintains them. Therefore, we have 
deemed it necessary to test the above mentioned factor on the spon- 
taneous or natural cancers made up of malignant cells derived from 
the animars ovm tissues (2). 

The mammar}’’ tumors of mice have been studied because of the 
number available as by-products of the genetic studies, and because 
of the extensive data available on the natural history of these neo- 
plasms. There is a surprising uniformity in the figures published by 
different investigators, using different strains of mice, on such points 
as the growth of autografts, local recurrence follo\^^ng surgical removal, 
spontaneous retrogression, and multiple foci of malignant change. In 
the present communication a report vdW be made on both the local and 
general effect upon these natural cancers of inhibiting materials that 
are knovm to act on transplanted tumors. 

Materials 

Ibc tUH:ior mice uliHred came from three principal sources, and were from 
several strains. The hrKCst number were from the general breeding room of 

• Thi^ inwstigatron v,.ts camVi out under the Rutherford Donation. 
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The Rockefeller Institute, where the stock of Swiss origin is inbred tliough not a 
pure line strain. Figures for the tumor rate, while knora to be high, cannot be 
accuratel}^ determined by the available records. The second source was our 
genetic breeding room, where tlie mammar}'' tumor strains are descendents of the 
original Abbe Lathrop stock. The third source, and the second largest, was the 
Roscoe Jackson Memorial Laboratory, and the animals came from several strains 
of high tumor incidence. The size of the tumors at tlie time that the mice were 
sent into the laboratory was rarely under 1,0 x 0.9 cm. and rareh'^ over 1.8 x 1.5 cm. 
About 29 per cent of the animals had more tlian one primary tumor. 

The extracts of mouse placenta and embryo skin were prepared in the manner 
described in earlier publications. The material, collected during the latter part of 
pregnancy, was minced, spread in a thin layer, and placed in a vacuum jar over 
sulfuric acid. After evacuation it was kept in the freezing box until desiccation 
was complete. The finely powdered material was thoroughh’^ extracted with 
water (0.1 gm. to 1 cc.) and centrifuged. The supernatant fluid was used for the 
tests. 


Effect of the Extracts on Local Postoperative Recurrence 


The early invasion of the skin or deeper tissues by mammary cancer 
in mice is unusual. Probably owing to the looseness of the tissues, 
the tumors grow as more or less discrete masses in the subcutaneous 
tissue and can be easily separated. In spite of the apparent dis- 
creteness of the masses and the removal of all immediately adjacent 
normal tissue, local recurrence is not uncommon. The first tests were 
on the effect of the inhibiting extract on this manifestation. 


Experiment , — ^The group was composed of 58 tumors removed and the wound 
bathed with embryo skin extract and 100 tumors removed and the operative field 
similarly treated with placenta extract. The operation consisted of a radical 
removal from the etherized animal of the tumor and adjacent tissue, under aseptic 
precautions. After the wound was sutured, from 0.05 to 0.2 cc. of the tumor 
extract, depending on the size of the wound, was injected into tlie area and then it 
was sealed with collodion to prevent leakage. In the controls collodion was use 
in the same wa3\ There was rarel}'' an}’' evidence of infection and dealing too ' 
place promptly. No further treatments were given and the animals were kept 
under close observation until their death. Diagnosis was made b}’' sections of t le 
original tumors and any nodules found at autopsj^ were removed and also sec^ 
tioned. No animals were included as negative for local recurrence unless the> 
survived over 5 weeks. The average length of life after operation was approxi 
mately 3 months for the group. 


The results are shown in Table I, which for comparison includes 
our control series in which the tumors were removed wdthout other 
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treatment, two earlier series from this laboratory, and two groups 
reported by other investigators. 

The recinrence rate following operative removal of mouse cancers 
reported by different investigators with different strains of mice is 
remarkably constant, the maximum variation between the groups 
being from 46.2 per cent to 54.0 per cent. The constancy of these 
figures gives even greater significance to the evidence of suppression 

TABLE I 


Local Recurrence Following Operation 



Ko. operated 

No. recurred 

Pcrccuta^ 

recurrence 

Conlroh 

MuTTa>'* 

48 

1 

23 

47.9 

Haalandt 

174 

96 

54.0 

Murp^iy MortonJ 

39 

IS 

46.2 

Nakahara§ 

50 

26 

52.0 

Present series 

144 

69 

47.9 

Total controls 

455 

232 

50.9 

Placenta treated 

100 

6 

6,0 

Pmbr>’o skin treated 

59 

15 

25.9 


* Murray, J. A., 3rd Scicnl. Rep. Inv. Imp. Cancer Research Fund, London, 
1908, 69. 

t Haaland, M., 4lh Scicnl. Rep. hr?. Imp. Cancer Research Fund, London, 
1911, 1. 

t Murphy, Jas. B., and Morton, J. J., /. Exp. Med., 1915, 22, SOO. 

5 Xakahara, \V., J. Exp. Med., 1925, 41, 347. 


of local recurrence by the two tissue extracts, particularly by placenta 
extract. WTiile the figures for skin extract show a significant reduction 
over the expected recurrence rate it is doubtful if this represents the 
full potency of the material. The larger number of recurrences in this 
group took place in a lot of animals treated vdth a single preparation 
which was probably inactive; but this was not c\'idcnt until too late 
to make further tests to establish the point. There seems no doubt 
that there is a definite reduction in local recurrence due to the treat- 
ment of the operative field vnih the tissue extracts. 
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The Distal Effect of Inhibiting Factors on Tumors 

The history of the established spontaneous cancers of mice, particu- 
larly the mammary tumors, has been studied by a number of investi- 
gators. The most complete data are those collected by Haaland (3) 
based on 353 tumors and those by Woglom (4) based on 2000 tumors. 
Haaland found five, or 1.4 per cent which retrogressed more or less 
completely, while Woglom had only 0.8 per cent which did not show a 
progressiye course. Our figures would be close to Woglom’s. We 
have not seen a w^ell established tumor retrogress among the large 
number which have been followed in this laboratory. There was a 
suggestion of an effect on the control graft when the inhibiting extracts 
were injected into another part of the body, in the test just described. 
In the next experiments Ave have considered its possible action on an 
established primary tumor when injected at a distance. 

Experivieiit . — In this group there were 142 primarj'^ tumors, 75 of which were 
treated intraperitoneal injection of placenta extract and 67 with embr)'^o skin 
extract. The injections of 1 cc. were made at weekl}’- intervals, from six to fifteen 
injections, depending on the response of the tumor. A small piece was removed 
for diagnosis before the injections were started, in half the animals, and in the 
other half after the tumor had become stationarj’’, or at autopsj'. Otherwise the 
tumors were not interfered with. As there w'as no difference in the outcome of tlje 
treatments these animals were all grouped together. Weekly measurements were 
made and complete autopsies w'ere performed at death. No tumors were included 
in the series unless the animal lived more than 5 weeks, except those djdng as the 
result of growth of the tumors. The general health of the mice seemed unaffected 
by the treatment. 

The results are shown in Table IV. 

Among the two groups there were 45 tumors Avhich continued to 
grow but apparently at a slower rate than in an untreated series. The 
average progress of 43 of these treated tumors in animals wliich lived 
for 4 weeks, compared with 41 of an untreated group is shotvn in Text- 
fig. 1. A comparison of this control group with a large number from 
earlier studies on growth rate shows this to be a fair average. 

The growth-inhibiting action of the two tissue extracts is evidenced 
by the fact that 67 per cent and 69 per cent of the two groups treate 
showed no further growth of the tumors after the injections had been 
begun, and may be considered to have lived out their normal span o 
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life, a number of tbe animals having survived over 6 months and two 
over a year. The tumors not completely stopped progressed at what 
appeared to be a slower rate than is usually shown by tumors of this 
type. The difference in effectiveness between the skin and placenta 
extracts is not marked here, for the use of an inactive preparation in 
one of a series of injections would not be so noticeable as in the first 
two experiments in which a single treatment was given. 


TABLE IV 

Effect of Embryo Skin and Placenta Extracts on Spontaneous Tumors 



; No. of 
tumors 

1 Con- 
tisued 
growth 

Sta- 
tionary 
' or slight 
! retro- 
gression 

i ilartcd 
retro- 
gression 

Complete 

absorp- 

tion 

Total 

shoT^g 

Inhibition 

Treated with skin extract 

Treated with placenta extract 

67 

75 

•ptr ttni 

32.8 

30.7 

ftr cent 

28.4 

21.3 

{itT cerJ ' 

14.9 

26.7 

ceni 

23.9 ! 
21.3 

ftr cenf 

67.2 

69.3 


lb. 

Original size 

Zweelts 


Controls 41 

1.06 X 050 cm. 

L4S X L25 cm. 

1.62 X L50cm. 


• 

# 

• 

TrcAted vilh 43 

fJdn cr plficeiiM cxicact 
and crowth continued 

1.13 X 033 cm. 

• 

1.17 * O-SSem. 

• 

L43 X 1.24 cm. 


Text-Fig. 1. The average grow-th rate of 43 spontaneous tumors in animals 
treated ^vith placenta or cmbra'o skin extracts, which continued growth after 
treatment, compared with the average growth rate of 41 untreated spontaneous 
tumors. 

The number of complete regressions, 32 out of 142 tumors making 
up the scries (a percentage of 22.5) is striking when compared vrith the 
fate of tumors in untreated mice in which spontaneous absorption 
occurs in less than 1 per cent. Tumors showing tcmporaiy retrogres- 
sion followed by subsequent growth arc not included among those 
classed as affected by the treatment. With untreated mice the rule 
is progressive growth until the death of the animal, but with consider- 
able \-ariation in the growth rate of individual tumors. Cessation of 
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growth for any great length of time is unusual/ and retrogression to 
any marked degree is rarely seen. Tliis experience is in agreement 
with Woglom’s report, in which among 2000 mice wth spontaneous 
tumors thirteen retrogressed and three fluctuated in growth rate, or 
remained stationary in size. Thus 99.2 per cent of 2000 untreated 
spontaneous cancers of mice pursued ^‘their usual progressive course.” 

The Occxirrcncc of Neio Primary Tumors in the Treated Groups 

It is well known that mice not uncommonly have multiple primar}’^ 
foci of malignant change in the mammary tissue, the reported figures 
on this condition yielding an average of about IS per cent, Haaland 
(5) collected the first systematic laboratory data and found that after 
the animal was sent into the laboratory with at least one established 
primary tumor, some 35 per cent developed additional new tumors 
before death. It is of interest to analyze the figures for the groups of 
mice in the above described experiments subjected to treatment with 
placenta or embryo skin extracts from the point of view of the new 
tumors developed. 

Experiment. — ^AU of the animals in the foregoing experiments were followed 
closely for their duration of life, and the appearance of new tumors or the finding 
of them at autopsy was recorded. They may be considered in two groups; one m 
which the tumors w'ere removed, the operative field treated with one of tlie extracts, 
and in which each animal received an autograft w’hich had been immersed in one 
of the extracts; in the second group the tumors were not removed and the mice 
received weekly intraperitoneal injections of one of the extracts, the total number 
varying from six to fifteen. For controls we have two earlier series followed in this 
laborator}’’, a recent series the direct control for the present experimental groups, 
and the figures published by Haaland. The collected data are given in Table V. 

Here as with the other data collected from the studies of spontaneous 
cancer in mice, there is little variation between the figures collected by 
different investigators and from different strains. The incidence of 
new tumors in the untreated animals which had previously had one or 
more tumors, is 37.5 per cent, and the- maximum spread betw'een 
groups is from 32.0 to 43.0 per cent. Among the 210 treated mice the 
rate was 3.3 per cent, and in the 99 receiving several treatments only 

^ Slye believes that pregnancy retards the growth of spontaneous neoplasms m 
mice (Slye, 2\I., /. Cancer Research, 1920, 6, 25), but as none of the mice in our 
series were pregnant this point need not be considered. 
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one new tumor developed, or a rate of about 1 per cent. These figures 
on the prevention of new foci of malignant change are as definite as 
those for the other points investigated. The study is being extended 
to cover the possibility of preventing the origin of a first tumor in 
mice of families normally showing a high tumor rate. The observa- 


TABLE V 

Development of New Tumors 



No, of tnmOT 
anhnab 

No, which 
developed, ccw 
tumors 

Percentage 
which developed 
new mmors 

ConlToU 




Haaland* 

209 

73 

35.0 

Nakahara* 

50 

16 

32.0 

Early Rockefeller Institute series 

1 138 

, 53 

38.5 

Present series | 

125 

54 

43.2 

Total controls 

522 

196 ■ 

37.5 

Tumors remored 




One treatment skin extract 

46 

3 

6.3 

One treatment placenta extract 

65 

3 

4.6 

Tumors not remored 




Several injections skin extract 

42 

1 

2.4 

Several injections placenta extract 

57 

0 

0.0 

Told irtalcd 

210 

7 

3.3 


* For references see Table I. 


tion uill include internal tumors as well as those of the mammary 
gland. 

Histological Study 

The tumors composing the above described experimental material 
represent the usual tj-pes of mammary gland neoplasm. Histologi- 
cally those grafts or unoperated tumors which had been affected by 
the tissue extracts showed no striking change in their structure. The 
only prominent feature was the reduction or complete absence of 
mitotic figures in the tumors after treatment, compared with the 
biopsy sections. There was a suggestion of more differentiation in 
the treated tumors and some showed an increase in the connective 
tissue surrounding and invading the m.ass. but these differences were 
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not sufficiently uniform to justify a conclusion as to their importance. 
No increase in cellular reaction was noted about the grafts, but a 
systematic investigation of the early changes was not made. A more 
complete study is in progress. 

DISCUSSION 

There are so many gaps in our evidence that it is untimely to discuss 
the bearing of these results on the hypothesis outlined in the foregoing 
paper (1), which has served as a basis for the investigation. There is 
no direct evidence as yet that the factor or substance in embryo skin 
and placenta extracts is related to the hypothetical control mechanism 
for normal cells. The lack of any reaction on the part of the host and 
the fact that the inliibitors are effective when the tumors are treated 
in vitro before reinoculation suggest that the action is a direct one on 
the cancer cells rather than a stimulation of the natural resistance 
mechanism of the body. Stimulation of the latter is the general 
interpretation accorded to the results obtained with generalized X-ray, 
dry heat, and fatty acids (6) which seem to represent an entirely differ- 
ent process from the action of the inhibitors. Our present impression 
is that the inhibitors affect directly the malignancy of the ceU. How- 
ever, any even tentative conclusion must await a more definite under- 
standing of the control mechanism of normal cells. 

The findings as concerns the various points investigated, prevention 
of postoperative recurrence, growth of autografts, the stoppage of 
further growth of well established cancer, followed in many instances 
by absorption of the tumor, and the prevention of new foci of malig- 
nancy, all indicate a very definite and pronounced effect of the extract 
of embryo skin and placenta on the growth and development of 
malignant cells. There were no direct controls for this series in whicli 
other tissue extracts were utilized, for such extracts had shown no 
inhibiting effect on transplanted cancer. It was judged more impor- 
tant to test the two materials which had proved effective with the 
transplantable tumors on the largest possible number of spontaneous 
cancers. We have records of unsuccessful attempts to influence 
the growth of spontaneous tumors by injection of homologous and 
heterologous serum, red blood cells, and a variety of other protein 
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materials ^vliicli vroiild indicate that the present results are not due to 
some general non-specific reaction.^ 

SUMMARY 

Extracts of desiccated homologous embryo skin and placenta de- 
crease markedly the rate of postoperative local recurrence after the 
surgical removal of spontaneous cancer of mice. Autografts after 
a short period of contact vnih these extracts either failed to grow, or, 
in the majority of instances, their subsequent growth was definitely 
retarded. Intraperitoneal injection of the extracts was followed by 
cessation of growth of established tumors in more than two-thirds of 
the animals treated, and among these many of the tumors regressed 
and over 20 per cent were completely absorbed. Tumor mice treated 
with either extract rarely developed new malignant foci, though this 
happened frequently in untreated mice. 

BIBLIOGRAPHY 

1. ^Murphy, Jas. B., and Sturm, E,, Science, 1932, 76, 540; J. Exp. Med., 1934, 

60, 293. 

2. Preliminaiy' notes; Murphy, Jas. B., and Sturm, E., Science, 1933, 77, 631. 

Murphy, Jas. B., Science, 1933, 78, 521. 

3. Ilaaland, M., 4th Sclent. Rep. Inv. Imp. Cancer Research Fund, London, 191 1, 1. 

4. AYoglom,\V.H.,/.C<37;c<rri?fjfjrc//, 1922,7, 379. 

5. Haaland, M., 4th Scient. Rep. Inv. Imp. Cancer Research Fund, London, 1911, 1. 

6. Murphy, Jas. B., The l\'mphoc>^e in resistance to tissue grafting, maUgnant 

disease, and tuberculous infection. An experimental study, Monograph of 
The Rockefeller Institute for Medical Research, No. 21, Xev/ York, 1926. 

* This statement is based on an unpublished study of a large scries of sponta- 
neous tumors. No doubt other attempts of this sort have been made, and as 
negative results have not been reported. 
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{From the Department of Bacteriology and Immunology, The Harvard Medical 

School, Bostori^ 

(Received for publication, June 14, 1934) 

No differences between types of typhus infection were known until 
1928, when Mooser (1) recognised the significance of the scrotal 
swellings observed by Neill (2) and found Rickeilsiae in the tunica 
vaginalis of guinea pigs intraperitoneally inoculated with the ^Mexican 
variety of \drus. There is no need, for our present purposes, to review 
the extensive literature dealing with this problem which has accumu- 
lated since the publication of Mooser’s paper. At the present time, 
differentiation between the ^lexican-American and the classical Euro- 
pean varieties by their respective behavior in guinea pigs offers little 
difficulty to investigators familiar with typhus experimentation. Dif- 
ferences of opinion have, however, arisen %vithin the last few years 
regarding the relationship between the two t>’pes. The point at issue 
has been whether the obser\’ed discrepancies represented temporaiy' 
modifications of a single U^pc, comparable to the reversible dissocia- 
tions of bacteria and dependent upon passage through different animal 
and insect hosts, or whether each variety had become irreversibly fixed 
in the biological sense. At the Harv'ard laboratorv’, at the present 
time, the \ficw is held that the two varieties are of originally common 
stock, but that the European tj^^e has become stabilised in its present 
form by continuous passage through man. For this reason it has 
seemed logical, in agreement with Nicolle and Laigret (3), to speak 
of the Mexican-Amcrican as the murine and of the European as the 
human \*irus. This problem has been discussed in greater detail by 
Zinsser (4 ) in a paper on Brill’s disease which is in press. 

• Both authors held Rockefeller FclIowcbIp< at the tirr.c this work was done. 
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In the Study of tliis problem, much attention has been given to the 
behavior of the infectious agents in rodents other than guinea pigs, 
particularly in rats and in mice. Nicolle (5) was the first to deter- 
mine the survival of typhus virus, in an inapparent form, in both of 
these species. That the Mexican-American strain possesses a higher 
degree of virulence for rats than does the European has been generally 
recognized since Maxcy (6) showed that definite fever curves resulted 
from the inoculation of these animals with the first named virus. In 
a recent study, Laigret and Jadin (7) have reported further differences 
of considerable importance between the two types in regard to their 
respective survivals in mouse passage. The}’’ carried out mouse pas- 
sages in series at 9 and 10 day intervals. In one set of experiments 
they injected brain into peritoneum; in the other, brain into brain. 
The results of these experiments permitted the conclusions that, by 
both methods of inoculation, the Mexican virus could be carried from 
mouse to mouse for at least sixteen passage generations; whereas the 
human, Tunisian virus was lost after the second passage in the intra- 
peritoneal method, and after the third in brain to brain transmission. 
These observations are of great interest since, if accurate, they clearly 
indicate that the observed differences between the two types of "virus 
are not easily reversible dissociations, but are more or less fixed. 
Incidentally, the method offered an opportunity for further investiga- 
tion of the virus strains obtained by Zinsser and Castaneda from 
three cases of Brill’s disease. 

In 1933, Zinsser and Castaneda (8) reported upon a strain of virus 
isolated from a typical case of Brill’s disease in Boston. In all its 
attributes in guinea pigs, this virus resembled the European or human 
variety. Kept alive by guinea pig passage in the Harvard laboratories 
for 14 months, it has maintained its original cliaracter, in spite of 
repeated experimental efforts to modify it in the direction of the ]\Iexi- 
can type. Since the isolation of the first strain, in May, 1933, tlie 
same investigators have obtained two further strains from cases of 
Brill’s disease — one in December, 1933; the other in January, 1934. 
Both of these, like Boston No. 1, have, from the beginning, exliibited 
the characteristics of the European or human type. 

The experiments wliich are herein reported consisted of a series o 
mouse passages carried out as follows : The original mouse inoculation 
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used realrn^“"f ■"‘'•‘‘P“‘oneaIly. Three mice were 

Se vere ’," *''= P”" »' >» ^ays, 

jected intraDeritoiie ’ll ?™i"' Pooled, ground in a mortar, and in- 

nks cw r ^‘=P“‘P'‘ P''P'y ''pyp. P"d tip 

approprfa^t? bv temperature and, when 

the miinea niV^ f O-'ammation of tlie tunica vaginalis. TOien 

S temn e S'™" generation showed any irregulari- 

ISn t t^nf t"'; ""f '"‘Pt ‘PPted for immunity 

i4e cLtrolf T? V'™"? P^-Periment in which they 

followed in tl ^ ^ ™ sraphic form the simple method 

loiiowed in the experiments. 

strain^ori mouse passages ^vith the JMexican 

the Harvf d 1 being used in 

has bppn vaccine and serum production, and which 

Dean <;t for about 4 3 rears; with a Euro- 

laZ.. ^"-tained for about 3 years in this 

Wac;b’ ’ j ^ tliat, in the National Institute of Health at 

finnpri^^ three Boston Brill disease strains men- 

pvrpnf ^ passage experiments were done in duplicate 

p m the cases of the Mexican strain and the Boston No. 3. 


EX3PERIMENTAL RESULTS 

ini^Zlhn mouse series was begun on Feb. 14, 1934, by the 

Tied ^ inf material into tliree mice. Passages were car- 

allowed w'"; 9 a T 14 to May 29, inclusive (the last passage was 

• . The strain is now in its eleventh mouse passage, and tlie 

Tf i‘c n s of every passage, including the last, have reacted typical!}', 

mnnc ^ ^oreover, that the strain has not lost virulence as a result of 

frnm ^ ^ secoud generation, the incubation time in tlie control 

flin fourth generation, this had dropped to 7 days; in 

was 7 da s^ generation, it was 6 days; and in subsequent generations. 


1 e we are continuing to carry on this strain through mice, it 
seems ogical to assume that a virus which can pass through eleven 
mcmse passages without material loss of guinea pig virulence, is not 
un ergoing either attenuation or an}'' other form of modification. 
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It is apparent, therefore, that our experiments agree with those of 
Laigret and Jadin in showing that the jSIexican virus can be maintained 
by mouse passage without attenuation and for at least eleven genera- 
tions — and possibly indefinitely. 

European Strain , — ^Two experiments, in all particulars like the preceding, were 
carried out iirith the European strain. The first began on Jan. 15, 1934; the other 
on Feb. 14. In the first experiment, no guinea pig control 'svas set up for the first 
generation. In the second experiment, where this was done, the guinea pig 
reacted positively after an incubation time of 13 days. In both experiments, the 
guinea pig controls of the third generations were negative, and subsequent tests 
of these guinea pigs with European virus showed that they had not been immunized 
by the preceding injection of the mouse brains of the third passage. 

This, again, is in agreement vrith the experiments of Laigret and 
Jadin, who found that the Tunisian strain of human virus died out 
after one peritoneal and two cerebral passages. 

Brill's Disease Strains , — ^Experiments like the above were carried out with the 
three Boston strains, in the case of No, 1 and No. 2 in duplicate. 

Boston Strairt No, 1 , — ^The second generation guinea pig control was positive 
in one series after an incubation time of 16 days. In the other experiment, the 
third generation guinea pig control showed a short lived temperature, but was 
found to be susceptible on subsequent test. The temperature was, therefore, due 
to some cause other than t>phus infection. In both c.xperiments, the virus had 
thus died out in the third mouse passage. Passages were nevertheless continued 
in both series to the fourth and, in one case, to the fifth generation, to insure 
against possible errors of observ-ation. In neither case did any of the guinea 
pigs subsequent to the second generation show either t>phus reaction or immunity. 

Boston Strain No, 2 . — ^Thc results vdih this strain were entirely analogous to 
the ones obtained with Boston No. 1. 

Boston Strain No, 3.— Experiments were exactly like the preceding except that, 
in this case, the reaction in the second generation guinea pig was unusually slight 
and short lived, so that it could not have been called a U^pical Uq^hus reaction. 
Ibis guinea pig was not tested for immunity. Again, however, in the third and 
fourth generations, the \nrus died out complctclv. 

CONCLUSIONS 

The experiments above described have confirmed the observations 
of Laigret and Jadin that the European human typhus \drus cannot 
be maintained for more than two generations in mice by brain-peri- 
toncum passage; whereas the murine Mc.xica.n variety can be carried 
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on by tliis method in mice through at least eleven passage generations. 
The fact that within eleven passages there is no attenuation of the 
murine virus renders it likely that this agent can continue in mice, in 
an inapparent form, without material modification. 

Brill’s disease virus from three different isolations has behaved like 
the European type, a fact which strengthens the opinion previously 
expressed from this laboratory that Brill’s disease represents an im- 
ported European strain of the classical European infection. 
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THE EFFECT OF ANTECEDENT INFECTION AND lAEMUNI- 
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Tissue reactivity may be altered by infection not only in a specific 
sense to substances derived from tbe causative agent, but also non- 
specifically to tmrelated antigenic materials. Specific alterations af- 
ford the basis for clinicalty useful cutaneous reactions in such diseases 
as tuberculosis, pneumonia, trichophytosis, Ijonphogranuloma in- 
guinale, and tularemia. On the other hand, non-specific changes in 
reactmty are involved in fewer clinical demonstrations. Changes in 
the degree of capillarj’- permeability (1) and in the character of can- 
tharidin blister fluids (2) have been ascribed to alterations in cellular 
reacthnty incident to certain infections. 

Non-specific changes in reactivity, although well recognized, have 
not been studied extensively, and their influence in determining the 
ultimate response of the body to the introduction of foreign proteins, 
or of infectious agents seems worthy of additional investigation. 

Most obscr\*ations of this cliaractcr have been made in experimentally infected 
animals, and many deal with the cfiect of tuberculosis upon antigenic responses. 
Dienes (3) noted that injections of egg white into tuberculous lesions in guinea 
pigs induced a tuberculin tv-pc of skin sensitirity to this substance, Lewis and 
I-oomis (4) observ*cd increased formation of hemolytic amboceptor and agglutinins 
against B. /y;>/;or»r following injections of the appropriate antigens into tubercu- 
lous guinea pigs. Under similar conditions of infections Selter (5) demonstrated 
cutaneous hv-pcrscnsilivity to extracts of colon bacilli. E.xpcriments in tubercu- 
lous rabbits dealing only with the rate of production of hemolytic amboceptor 
liavc been reported by se\*cral observers (4, 6, 7) \rith highly inconstant or negative 
results. Certain other chronic infections likewise intlucncc reactivity non-spccifi- 
cally. For example, Ixrwis and Loomis (S) found accelerated formation of hemo- 
lytic aml>occptcr in guinea pigs infected with streptococci or B. orcr/ar. 
Blumcnbcrg (9) demonstrated tubercuUn sensitirity in rabbits when severe chronic 
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paratyphoid infections were present. Schrocdcr (10) observed increased homo 
lytic amboceptor production following sheep red blood cell injections into stod 
rabbits suffering from spontaneous abscesses; but experimental infections wit! 
staphylococcus or B, pyocyancus did not produce this effect, possibly because th( 
artificial infections were not chronic in character. Wessely (11) in 1911 describee 
an ‘'anaphylactic type'' of keratitis tliat developed after an interval of 2 weeks ir 
a majority of normal rabbits receiving intracorneal injections of horse serum 
This reaction was subsequently studied, particularly in luetic rabbits, by a numbei 
of investigators with conflicting results (12--16). Among these, vom Hofe and 
Krantz (16), and Lbwenstein (12), found that keratitis developed with greatei 
frequency and intensity in syphilitic rabbits. 

It appears, therefore, that certain infections, particularly those 
chronic in nature, accelerate non-specific responses. Tliis phenome- 
non, however, has been observed only in the stage of active infection, 
suggesting that the reaction may be due in large part to transient 
physiological effects of fever and toxemia rather than to factors ex- 
clusively conditioned by infection. That an infection may alter suhsc- 
qtient response, and that this alteration ma}^ be of considerable signifi- 
cance is suggested by the fact that non-specific changes of reactivity 
of decisive influence have been induced experimentally by preliminar}^ 
injection of antigenic materials. 

Semsroth and Koch (17) found that preliminar 3 ’' treatment of guinea pigs with 
horse serum and of rabbits with streptococcal vaccines or casein markedly altered 
the reactivity of the endocardium; this was demonstrable upon tlie subsequent 
establishment of a staph34ococcal infection. Their experience corresponded with 
that of others to whom they refer (especiall 3 ^ Siegmund (18)) in that staphylococ- 
cal endocarditis developed regularly only in rabbits receiving preliminar 3 '' 
treatments. 

Bohmig (19) showed that rabbits injected intracutaneousb^ with small amounts 
of horse serum reacted subsequentl 3 ^ to small intracutaneous inocula of avirulent 
green streptococci witli an inflammation “h 3 ^perergic" in character, and succumbed 
to intravenous inoculations of the same organism in doses whicli were not f{Ltal for 
untreated animals. 

Daremberg (20) found that the intravenous or subcutaneous injection of 5 cc. 
of dog serum in guinea pigs infected with human tubercle bacilli occasioned a 
greatly decreased resistance to later reinfection. 

Experiments of Schroeder (10) showed tliat the production of hemolytic am o 
ceptor, in response to specific antigenic stimulation, was increased by prelinMary 
intravenous injections of pneumococcal autob^sates. Similarb’*, Clark, Zellmer, 
and Stone (21) found higher agglutination titers for B. after intravenous 
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injections of HeEt-kiUed. Gr 3 .ni-positive cocci ^ snd. Klis-nolknr (22) encountered. ^ 
like phenomenon Tvith reference to B. paratyphosus after immunizing injections of 
B, pyocyanais vaccine. Clark and his coworkers noted slight increases in resis- 
tance f ollovdng this heterologous immunization Analogous findings w ere reported 
by Otsuki (23) in that resistance to streptococcal infection was increased by 
preliminary^ immunization with B, coli and B, proleiis. It is a commonly known 
fact that guinea pigs treated with diphtheria toxin plus antitoxin are much more 
highly sensitized to serum than those treated with normal serum or antitoxin only. 

EXPEIOMENTAL 

The experiments described in this paper demonstrate altered 
reacti\dty in rabbits after the disappearance of mild cutaneous 
streptococcal infections and following intravenous immunization with 
streptococci. The critical test was the response to intracutaneous 
injection of small doses of horse serum. Such a test possesses several 
advantages. Properly controlled, the results are relatively constant; 
antigenically, horse serum and streptococci have very little in common; 
in particular, they provoke contrasting types of sensitmty’' (24, 25). 
Although small doses have been employed to demonstrate anaphylac- 
tic phenomena in guinea pigs, relatively large quantities have been 
given heretofore to induce the Arthus phenomenon in rabbits (26). 
We have found, however, that intracutaneous injections of as little as 
0.05 cc. stimulate high degrees of cutaneous sensitivity; areas of edema 
several centimeters in diameter sometimes follow subsequent injec- 
tions of 0.01 cc. Small doses (0.1 cc.) were used bj’^ Bohmig in sensi- 
tization; and recently' Kahn (27) noted that quantities as small as 
0.5 cc. intracutaneous^ established cutaneous sensitmty'. The de- 
sirability’' of employing the smallest possible doses in testing differences 
in degree of reactivity* is ob\*ious. 

Variations in response incident to differences in age, sox, and strain 
of animals employed arc described in another communication (28). 
The influence of these variables was minimized by* employing a con- 
stant stock of rabbits consisting of a cross between English, lilacs, and 
Havanas. Four to six animals were used in each group, and groups 
to be compared with each other were composed of indiNaduals of ap- 
proximately the same weight. One lot of scrum kept vriihout chemi- 
cal prc5cr\‘ativc was used throughout. 
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^cheme of testing is summarised in the following protocol:' 



1 

3 

6 

9 

12 

15 

18 

21 


Amount of horse scrum 
intracutancously 


0.1 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 


Bleeding to obtain scrum for 
prccipitins 


Bleeding 

Bleeding 

Bleeding 

Bleeding 


injection wasTbsen^td fwisivs^^ ^7 The site of the original 

n for 15 days, and those of subsequent injections for 3 daj^s 

rise in 24 h^rs^L^ a^dnth^'pTnjrDaD^ the original injection of 0.1 cc. gives 
height, which fades in 72 hours ^Tif ” ^ 25 mm. in diameter and 1 mm. in 

ever, an edematous lesion reannAo ^PP^“™^tely one-half of the animals, how- 
reaches its ma.vimum within U hours Thil^ 

intense than the nrimarv tada) • j . ®®^°ndary reaction” is much more 

It fades completely within a' weS ^ volume five to ten times as great, 

repeated at 3 dav intervale iro • t,, ^ response to the 0.001 cc. injections 

voice no detectable resoonse P™' 

increasingly severe reactions whiV^^^^f about tlie 9th day, however, there occur 
afewda3'^s* In hiehlv qpneV ^ in 24 hours and fade within 

foUowing that inje^ction of n ^ delayed reaction is observed 

development o Te hours before the 

stances! for instance the ^ 

negative until the 9th da ® irijection made on the 6th daj- remains 

ary reaction ^t the st oT^^^ concomitantly with the second- 

serum increases lesion! sensitivitv to horse 

and may reach IheTr m?'^ 

usually demonstrable 24 to 48 h™ ^ hours. Blood serum precipitins are 

the course orsuS in Wi "" sensitivity develops.^ During 

__c^e of such injections immature animals gained weight steadUv. 

differences'inmSsT.TOOgm.twJg^ demonstration of 

horse ser^ with^O^? mixing 0.4 cc. of each saline dilution of 

The following diludon^ of h ^ serum to be titrated in small precipitin tubes, 
loilowing dilupons of horse serum were emploj^ed: 1 :100, 1 :1.000, 1 :5,000, 
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An increased degree of reactivity to horse serum is made evident 
in several ways: the primary response is greater; the secondary reac- 
tion occurs earlier, is foimd in a higher proportion of animals, and is 
more intense; reactions to injections of 0.001 cc. occur sooner and are 
larger; and “delayed reactions” are occasionally observed. The time 
of appearance of precipitins in the blood serum is advanced. ^^Tth 
decreased reactivity these reactions are delayed or absent. 

After sensitivity is established according to the foregoing criteria, 
the injection of 0.1 or 0.01 cc. of horse serum produces areas of redness 
and edema sometimes covering one entire side of the trunk and occa- 
sionally accompanied by hemorrhage and necrosis. 

Altered reactmty was induced by inoculating rabbits in various 
ways vdth living cultures of an indifferent streptococcus, which is 
relatively avirulent for these animals, and also by intravenous im- 
munization with hemolytic streptococci. The various forms of altered 
response with reference to the infecting microorganism have been 
described elsewhere (29). 

Expcrlvicnl 1 , — In Group B, consisting of five females and one male, a state of 
bacterial hj^pcrsensitirity was induced within a period of 22 days by three daily 
intracutaneous inoculations in 0.1 cc. volume of from 10“* to 10“^ cc. of a culture 
(Strain Q 155) of indifierent streptococcus diluted in Ringer’s solution. At the 
end of this intcrvTil, inocula of 10“^ cc., which provoked no lesions at the beginning 
of the experiment, gave rise to distinct papules, and reactions to larger doses were 
greatly increased. The blood sera agglutinated the infecting organism in dilution 
of from 1 : 1,280 to 1 : 5,1 20. The animals had, in efiect, been subjected to mild 
cutaneous streptococcal infections for 3 weeks. They gained weight steadily and 
at the time of the first horse scrum injections^ showed no eridcnces of persisting 
inflammation except small dcatrizing papules in two instances. Group A, com- 
prising six females, received no prcliminar>' treatment. The rabbits all weighed 
from 1 ,000 to 1 ,300 gm. each. 

The responses to a test of rcaclirity tohorsc scrum in these tv.*o groups are demon- 
strated in Chart 1. In the controls (Group A) there were no secondaiy* reactions, 
precipitins appeared in low tiler, and in only half of the animals by the 12 th day. 
The 0.001 cc test doses first provoked small skin lesions on the 12th day. 

1 : 10,000, 1 : 50,003, 1 : 100,000. The tubes were examined after remaining 2 hours 
at 37'C. in a water bath, and again after 6 to S hours in the refrigerator. The 
slightest definite precipitate not present in a saline control lube was designated as 
heaviest precipitate (rarely encountered) -f-f 

* Bacterial inoculations were made into the skin over the hind legs and 
over the trunk were used for the horse scrum injections. 
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Chart 1. Cutaneous lesions and precipitin titers in control and hypersensitive rabbits 
following the intracutaneous injection of horse serum. S = secondary reaction. 

















MAIOC P. SCHULTZ AND HOMER E. SWEPT 


329 


In contrast, Group B, previously sensitized intracutaneously vrith streptococci, 
showed larger original lesions; half of the animals developed secondarj* reactions 
on the 4th day; predpitins appeared first on the 6th day and were present in good 
titer in all by the 9th da3\ Reactivit}" to the 0.001 cc, test doses, apparent on the 
4th da}", became quite marked. 

The animals were observed for 3 months; and the following observations con- 
cerning the development of skin sensitivit>" and occurrence of predpitins in the 
blood serum appear noteworthj". 

1. Skin hypersensitivity developed before serum precipitins were demonstrable, 
espedaily in the sensitive group (B). 

2. As predpitin titers diminished skin sensitivity' often persisted or increased 
in intensit}". 

3. In individual animals there was no correlation between the degree of skin 
sensitivity and the height of the predpitin titer. 

Expcritneni 2 . — Group B received intravenous inocula of Streptococcus Q 155 
in the same doses and intervals as those given intracutaneously in the first eiperi- 
raent (total 0.32433 cc. of culture). i^Ieanwhile, the animals steadily gained 
weight. Their reactivity' to horse serum was tested 5 day's after the last intrave- 
nous inoculation. Cutaneous reactivity' to the strep tococd and agglutinin titers 
were not determined; but it was previously demonstrated (30) that in rabbits so 
inoculated the agglutinin titers are slightly' higher than in those Decei^ung com- 
parable small doses intracutaneously', and that although skin reactivity to inocula- 
tion vdth homologous streptococd is very' slightly' increased, the lesions are of the 
type encountered in “immunized” animals. 

Group C received large immunizing intravenous injections of living cocci. 
Rabbits so treated develop serum agglutinins in high titer, and upon in tracutaneous 
inoculation with the homologous microorganism show small indurated lesions (29). 
In this group some animals lost slightly in weight during immunization, but there- 
after gained. There was no obvious focal infection, no arthritis, and at autopsy- 
no scars or collections of pus were found; hence it is improbable that any active 
infiammation was present at the time reacdv-ity- to horse scrum was tested, viz. 
5 days after the last intxa\xnous inoculation. At this time a pre\'iously' untreated 
control group (A) was introduced. Reacti^-ity to horse serum was tested in the 
manner used in Experiment 1 with the exception that on the 1st day in addition to 
the sensitizing dose of 0.1 cc. a lest dose of 0.001 cc. was also given. The rabbits 
weighed 1,500 to 2,000 gm. each and the groups were balanced with regard to 
weight and sex. The results are indicated in Chart 2. 

Control Group A . — There was no reaction to the 0.001 cc. injection on the 1st 
day. Three of the sLx rabbits developed secondary- reactions, all exhibited a 
degree of skin sensitivity to the small test doses on the 10th day, and the sera of 
three of the sLt showed distinct predpitins on the 16th day-. 

Group B.— One rabbit reacted slightly to O.OOl cc. of horse scrum on the 1st 
day; three of the five developed secondary reactions, one showed a delayed reaction 




Chart 2. Cutaneous lesions and precipitin titers in rabbits (A) receiving no preliminar} 
treatment, (B) following small doses of indififerent streptococci intravenously, and ^ 
large doses of indifferent streptococci intravenously. S = secondary reaction. D = de a> e 
reaction. 
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to the 0.001 cc. injection on the 4th day, and all gave some inflammaton* response 
to the small test doses on the 6th day. In four of five, predpitins were present on 
the 16th da}", and in one animal precipitins were present in high titer on the 1 0th 
day. This group, therefore, showed a vei3" irregular but definite increase in 
reactivit}", although by no means of the grade exhibited in the first experiment by 
rabbits previously sensitized with comparable doses of the same streptococd 
intracutaneously. 

Grattp C. — Relatively large lesions resulted from the injections of 0.1 cc. on the 
1st day and one animal also responded to 0.001 cc. on this day. Three of the four 
rabbits developed secondary reactions; all responded to the small test doses on the 
4th day (two had delayed reactions to this injection), and all showed distinct 
predpitins by the 10th day. The increase in reactivity in this group approached 
but did not equal that shown by the individuals of Group B in Experiment 1 
which were subjected to mild cutaneous streptococcal infections for a similar 
period of time, but which received by comparison onl}’ minute doses of the bacteria. 
This experiment demonstrates the same general phenomena obseiv'ed in Experi- 
ment 1. In addition, delayed reactions to the small test doses were noted fre- 
quently, and in some animals showing increased reactivit}* there was response even 
to the injection of a 0.001 cc. of horse serum on the 1st day. 

Experiment 5. — ^Here the first two experiments were in principle repeated. One 
group of rabbits (A) received no preliminaiy treatment. Group B was sensitized 
in a manner similar to that used in the first experiment and with cultures of the 
same strain Each animal received daily intracutaneous inoculations of from 
0.01 to 0.05 cc. for a period of 21 da}’s. The total quantity of culture injected was 
0.44011 cc. A third group (C) was given large intravenous immunizing doses of 
hemolytic streptococci (Strain London LI A) which was ^"irulent for rabbits. The 
first injections were of heat-killed \'accine; later, li\’ing cultures were used. Eight 
weekly scries of injections were administered and the individual doses were in- 
creased from 1 cc. to 3 cc. during the intcr^ul. Group B was tested vdih horse 
scrum 8 days after the last intracutaneous bacterial inoculation and Group C 2 
weeks after the final intravenous immunization. At this time the animals weighed 
from 1,500 to 2,000 gm.; all were gaining w'cight and there was no cridcncc of 
persisting inflammation in any of them. At autopsy no scars or collections of pus 
were found to indicate that a chronic infection had been induced. 

The results arc briefly presented in Table I. . The sensitive and immune animals 
both showed somewhat larger lesions than the controls at the site of the original 
0.1 cc. injccrion. On the 1st day none of the controls reacted to 0.001 cc., while 
all of the intracutaneously sensitized rabbits and several of the intravenoush* 
immunized group showed definite lesions. This order of rebtive degree of re- 
activity of the groups, sensitive, immune, control, was also c%*idcnt in the occur- 
rence of sccondar}* reactions, in the appearance of delayed reactions to 0.001 cc. 
test doses, in the development of cutaneous ser.sitirity to repeated test doses, and 
in the precipitin liters on the 9th day. 



TABLE I 

The Responses of Control, Hypersensitive, and Immune Rabbits to Small Doses of Horse Serum Intracutaneously 
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DISCtJSSION 

The foregoing experiments indicate that antecedent low grade 
treptococcal skin infections, as well as intravenous immunization with 
treptococci, alter the immunological responses of rabbits to horse 
erum in the direction of accelerated reactivity. They do not, how- 
ver, clarify the mechanism responsible for the establishment of such 
n altered state. Lewis and Loomis (8) have proposed the term “al- 
irgic irritability” for a similar condition developing during infection 
nd have defined it as the “capacity of the animal to react to antigenic 
ubstances” and “as a general characteristic of the animal on the basis 
if which it reacts to stimuli of the antigenic class whether they be 
lelpful, injurious or indifferent to bodily health.” These authors, as 
fell as Dienes, Siegmimd, and others, have suggested that the stimu- 
ation'of the reticulo-endothelial system during infection may be re- 
ponsible for the phenomena observed. They describe an experiment 
n which trypan blue injections in rabbits had an effect similar to in- 
ection in accelerating the production of hemolytic amboceptor. 

The probability of the correctness of such an explanation has in- 
:reased with the further development of knowledge concerning the 
hnction of the reticulo-endothelial system. The voluminous litera- 
Lure dealing with so called anamnestic reactions is reidewed by Toplej’- 
[31) and by Weichardt (32). Extensive experiments, particular!}' 
those of Walbum (33) and of Weichardt and their collaborators, have 
indicated that the intravenous injection of metallic salts, colloids, or 
of protein solutions, may, in certain phases of the immunization proc- 
ess with various microorganisms, increase the titer of circulating anti- 
bodies. The significance of such observations indicating that 
measures affecting the state of reacti^•ity of the reticulo-endothelial 
system arc of decisive influence in altering the immunological response, 
is discussed in a recent reriew by Jungeblut (34). The stimulation of 
this cellular system, as in the demonstration of "anamnestic reactions” 
results in increased immunological reactirity. Depression has been 
found to retard the development of skin sensitirity (35) and to prevent 
fatal tuberculin shock in guinea pigs (36, 37). Numerous studies in- 
volving extirpation of the spleen and blodiade with various substances 
indicate tliat an intact reticulo-endothelial system is essential for nor- 
mal antibody formation. 
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Most of the experiments cited have dealt almost exclusively with 
effects of intravenous treatment or inoculation in altering the func- 
tions of the reticulo-endothelial system. The stimulating influence of 
streptococcal sepsis on tliis system in tlie rabbit has been particularly 
noted (38). That mild local cutaneous infections should have a similar 
effect might be expected, but our experiments indicate that they exert 
a considerably more marked influence than that aroused by intrave- 
nous stimulation. Tuft (39), recently, in calling attention to the im- 
portance of the skin as an immunological organ, suggests that this ma}’’ 
be due to the local stimulation of cells of the reticulo-endothelial 
system which are especially abundant there. The effect of localized 
inflammation in causing a generalized stimulation of reticulo-endo- 
thelial structures has been noted in liistologic studies of the liver (40) 
and of the bone marrow (41), and in physiological experiments (42). 

There is abundant evidence that the development of anaphylactic 
phenomena is distinctly modified by the state of reactivity of the retic- 
ulo-endothelial system. For example, Klinge (43) in studying the 
pathogenesis of the Arthus phenomenon in rabbits sensitized with 
horse serum, found that the local development of hyperergic inflam- 
mation was prevented when the cells of the reticulo-endothelial sys- 
tem, characteristically involved in the reaction, had become impreg- 
nated with trypan blue. 

It seems justifiable, therefore, to conclude that the accelerated re- 
sponse to intracutaneous injections of horse serum observed in the 
experiments reported here was conditioned by a state of hyperreac- 
tivity of the reticulo-endothelial system wliich had been induced by 
the antecedent streptococcal infections and injections. It may be 
that a similar conditioning of reactivity explains, in part, certain 
phenomena observed by Jones and Mote (44) in patients suffering 
from rheumatic fever. These authors noted that such patients be- 
came hypersensitive to rabbit serum after receiving repeated intra- 
dermal injections of very small amounts of this foreign protein. It 
seems highly probable that the rheumatic state accelerated and al- 
tered the mode of reactivity of these children to the test substance. 

An analogy to the phenomena demonstrated in the experiments de- 
scribed is perhaps found in the broadening of the zone of hypersen- 
sitivity known from experience to occur in patients. Sensitizations 
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caused by one substance tend to lose their monovalence and become 
polyvalent, with a demonstrable sensitivity of the skin, for mstoce, 
Lteidng many substances whii may or may not be of cbmcal 

significance. 

SUMMARY 

1 The cutaneous responses of rabbits to smaU doses of horse serum 
intracutaneously is described. After an origin^ injection of 01 cc a 
secondary reaction often occurs about the 9tb day, and tests at 3 
dav intervals vdth 0.001 cc. quantities indicate that general skm hy- 
nersensitivity is estabbsbed at this time. Circulating preapitms for 
horse serum appear later. As the degree of sensitivity increases, 
lesions resulting from test doses reach a maximum development more 

*^'^2!^he reactivity of rabbits to horse serum is greatly increased by 
antecedent sensitization of the animals vrith repeated small mtra- 
cutaneous inoculation of indifferent streptococci or immunization with 
large intravenous injections of either indifferent or hemolytic strepto- 
cocd. Doses of indifferent streptococci precisely comparable to those 
producing greatly enhanced reactivity when given intracutaneously, 
increase reactivity to horse serum irregularly and to slight degree when 
injected intravenously. 

3 Increases in reactivity (allergic irritability) are made evudent 
by the occurrence of larger skin lesions at the site of the primary' horse 
serum injections, the earlier development of more distinct secondaty 
reactions in a higher percentage of animals, and by the more rapid 
appearance of skin sensitivity to the small test doses which may be 
first evidenced by delayed reactions at these injection sites. Accom- 
panying these evidences of increased reactivity, there is an early 
appearance of blood serum precipitins in high titer. 

4. There was no evidence of residual inflammation in any of the ani- 
mals at the time reactivity to horse serum was tested. No attempt 
was made to determine the duration of this altered reactive capacity. 
It has been encountered in tests begun from S to 14 days after the last 
preliminarv’ inoculation. 

5. It is suggested that the increased reaction described is brought 
alxiut by a persisting alteration in the functional activity of the 
reticulo-cndolhclial system. 
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THE INFLUENCE OF SEXUAL AIATU-RITY UTON THE 

rS^tiviiy of rabbits to horse serum 

Bv P. SCHULTZ, M.D. 

(J^rom the Hospital oj The Rochefeller Institute for Medical Research) 

(Received for publication, June 5, 1934) 

Many ob<=ervations indicate that immunological reactmty is con- 
ditioned to some extent by the degree of sexual maturity In certain 
tropical and arctic communities ^^•here scarlet fever and diphthena 
occur verj' rarely, negativity to both Schick and Dick tests has been 
found to develop at puberty. Certain dematomyco^ occur ex- 
clusively in childhood and heal spontaneously at pubert\' (1). _ ihe 
development of antibodies against antigen with which contart is not 
ordinarily established has been found to be similarly conditioned. 
Conflicting interpretations of such observations are discussed by hlan- 

waring(2),Jungeblut(3),andHerrman(4). _ 

The incidence, severity, and character of the mamfestations of rheu- 
matic fever are apparently influenced by factors associated with age 
and sex Most observers agree that the disease is chiefly prepubertal 
in origin, some studies (5, 6) indicating that 98 per cent of first attacks 
occur before the ages of 1 2 or 15 . These investigations also show that 
the tendency’ to relapse is greater in the cases earliest in onset and that 
in childhood, especially in girls, ^^sccral disease (including carditis) 
occurs frequently with little or no concomitant arthritis. Chorea de- 
velops much more commonly in females but is rarely encountered after 
puberty except as a complication of pregnanej* (7). Wilson, Lingg, 
and Croxford (6), among others, have stressed the fact that about the 
12th vear the tendency to rheumatic infection begins to diminish. A 
recent study by von Eickstedt (S) concerning the influence of puberty 
showed that among 24 girls there were 16 recurrences of the disease in 
the 4 year period before puberty and none in the following 4 years; 
among 14 boys the figures were 11 before and 2 after.vards. 

The statement is frequently made that the incidence and severity 
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of rheumatic fever is greater in females than in males of all age groups. 
Although several general statistical compilations indicate that this is 
the case, a critical review of the more reliable sources does not sub- 
stantiate this unqualified conclusion. While most investigations 
demonstrate that all of the rheumatic manifestations are more fre- 
quent and severe in girls than in boys under 12 years of age, those 
dealing with cliildren under 15 or including all age groups are conflict- 
ing in their conclusions regarding the influence of sex factors. The 
relativel}'^ greater drop in the incidence of the manifestations of rheu- 
matic fever in females at puberty may be attributed either to a greater 
influence of the attainment of sexual maturity in that sex or to the 
fact that wliile boys and girls are rather equally subjected to environ- 
mental factors, diflferent influences are active in the two sexes in adult 
life; for although women are subjected to the varying influences of the 
menstrual cycle, men are somewhat more exposed to the stress and 
strain incident to hard labor and inclement weather. 

In the investigations dealing with the influence of age on the forma- 
tion of natural antibodies or on the response to active immunization 
(most recently summarized^ by Freund (9) and Kligler and Olitzki 
(10)), infants have been compared with adults, and both the interven- 
ing age periods and sex factors have, with few exceptions, been neg- 
lected. The purpose of the present experiments was to stud}'^ the 
influence of the phase of maturation in the two sexes. 

Friedberger (11), observing rabbits at intervals from birth to maturity, found 
that natural anti-sheep erythrocyte hemolysin (amboceptor) which was present at 
birth, disappeared within 8 da 5 'S and reappeared thereafter in gradually increasing 
titer until about the 88th day, with a subsequent slight fall. The time of maxi- 
mal concentration coincided approximately with that at which sexual maturity 
is usually established. 

Kligler and Olitzki, in titrating antibodies foUoudng subcutaneous injections of 
typhoid vaccine in guinea pigs weighing from 245 to 770 gm., found that the highest 
titers were attained in animals of 475 to 520 gm. in weight. Agglutinins and com- 
plement increased in strength among younger individuals with increasing age: 
bacteriolysins were first detected in animals weighing 300 gm. ; and both agglutinins 
and bacteriolysins decreased slightly in those over 520 gm. Sexual maturit}^ in 

^ Later observations shovdng differences in immunological reactivity between 
young and mature rabbits were reported in two abstracts by Baumgartner and by 
Kahn and McDermott, at the 1934 meeting of tlie American Association of Im- 
munologists. SeeJ^Ifnmtwohi 1934,26,327. 
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• , ac indicated by the onset of estrus cj-des, is attained at the earliest 

grmea p gs, ^ ^ animals vreighing over oOO gm. 

J »Sbodii described took place i. rids m.erc^ I« 

rats ra gmg , . . . ^e^-e attained in those weighing between 64 and 

S g^°''sexual maturitj' in rats (12) as indicated by the onset of an 
. r>f thp ovaries begins when a weight of about 60 gm. has been attamed. 

m »rib.i'es in rids species begs, st riest^inri 
liS- (13) observed that rabbits less than 4 months old rvere insuKeptftle to 
the toxic action of a verj' poisonous broth filtrate of staphylococa, while the 
i^riU- of rabbits above this age reacted characteristicaUy to mtracutaneous mjec- 
tions and succumbed after receiving this toxin intravenously. 

The observations mentioned indicate that immunological reactivdty 
is ereater in adults than in infants, and that the major incre^e takes 
plL concomitantly with the phase of sexual maturation. The mam- 
mal degree of immunological reactivity, however, seems to be 
reached just at the point at which physiological sexual matunt> is 
attained, with a subsequent sUght decline during continued adult 
life. It is to be home in mind that in the experiments quoted no dis- 
tinction was made between the sexes. 

EXPERIMENTAL 

In the experiments described here, rabbits of both sexes and of varjing ages me 
compared in their responses to small doses of horse serum given intracmtane^sly. 
The method cmplov-ed and the character of the reacUons studied are d^cril^ m 
detail elsewhere (14). Briefly, an original injection of 0.1 ca is follow^ at inter- 
%’als of 3 davs bv repeated doses of 0.001 cc. The establishment o. h>Tersensi- 
th-itv to horse scrum is indicated by the occurrence of a secondary reaction at the 
site of the original injccUon, by the development of lesions foUowrng the repeated 
test dokcs and by the appearance of blood scrum predpitins. Increased rcactmty 
of the ind’iddual is manifest by an acceleration and intensification in the develop- 
ment of the signs of h>-pcrscnsitivity. The rabbits compared were for the most 
part of a hvbrid English-lilac-IIav-ana stod;, bred and raised under idcnUcal 
conditions at The Rockefeller Institute. One group only consisted in adult Xcv.- 
Zealand Reds secured from a dealer. .Although the age of most of the animak 
w-as'knov.m, it has been found more convenient to express the degree of develop- 
ment bv weight rather than by age. _ 

Ex^rrifr.crJ /.—Seventeen male nbbits ranging in weight from 9*0 to 
gm. v.-crc treated with horse serum in the manner outlined. Tr.s results arc indi- 
cated in Table 1. In the 13 indidduals weighing less than 1,700 gm. r.o secondary 
reactions occurred, only small lesions developed in 4 animals following test dotes 

• Personal communication from Professor C. R. Stockard. 
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on the 6th and 9th days; and blood serum precipitins were distinctly present in 
only one instance on the ISth day. In contrast, those weighing 1,700 gm. or more 
all developed secondary reactions, most of them responded to small test doses 
given on the 6th day, while all showed quite intense lesions to tests on the 9th day; 

TABLE I 


Responses of Male Rabbits to Svial! Doses of Horse Scrwii Iiitraciitaneously 





Cutaneous lesions 

Precipitin reactions 

Rabbit 

No. 

Weight 

Secondary 
reaction 
on day 


Dose 






0.001 cc 

0.001 cc. 

0.001 cc. 

lilyUUU UIIUUUU 




Day 3 

Day 6 

Day 9 

Day 6 

Day 9 

Day 15 

R37-87 

gm. 

950 

0 

0 

0 

0 




R37-86 

980 

0 

0 

0 

0 

— 

— 

+ 

R37-85 

1,000 

0 

0 

0 

20 X V, 

— 

— 


R37-83 

1,075 

0 

0 

0 

0 

— 

— 

rfc 

R37-84 

1,080 

0 

0 

0 

0 

— 

— 

— 

R37-79 

1,135 

0- 

0 

0 

0 


db 


R37-82 

1,170 

0 

0 

0 

0 

— 

— 


R37-77 

1,170 

0 

0 

0 

0 

— 

— 

± 


1,180 

1 0 

! 0 

0 

0 

— 

— 


R37-75 

1,375 

0 

0 

1 0 

7 X p. 

— 

— 

± 


1,475 

0 

0 

0 

0 

— 

— 


R36-79 

1,480 

0 

0 

12 X p. 

0 


— 

± 

R37-94 

1,550 

0 

0 

0 

21 xO.5 

— 

— 


R36-93 


8 

0 

mm 

24.xl-f- 

— 

— 

-1-1- 

R36-98 

1,850 

7 

0 

bh 

15 X V. 

— 

+ 

+± 

R37-33 

2,860 

9 

0 


22x2 

— 

— 

-1— 1-± 

R37-55 


9 

0 

mM 

22xl.5-f- 

, 

— 

-i-i-± 


Size of cutaneous lesions: average diameter x estimated height in millimeters. 
V = visible onty; p = just palpable. 

Animals indicated below the double line weighed 1,700 gm. or more. 

* Doses of horse serum intracutaneously: 0.1 cc. on Ist day, and 0.001 cc. as 
indicated. 

and each individual showed precipitins in good titer by the 15th day. accelera- 
tion and an intensification in the development of sensitivity is quite evident in the 
males weighing more than 1,700 gm. 

Experiment Z . — Thirteen female rabbits weighing from 990 to 4,080 gm. were 
tested in a similar fashion. As indicated in Table II, cutaneous lesions developed 
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and predpitins appeared irregular^ the group. There was no indication 

that the degree of reacti\dtj" increased with advancing age. 

Experiment 3. — ^In further studies males were compared with females of approxi- 
mately the same age. The results, induding animals used in Experiments 1 and 
2, ate shown inTablelll. In Group A males and females weighing less than 1,700 
gm. each are compared. The cutaneous lesions following the test dose on the 9th 
day were of about equal intensity, and the predpitin titrations on the 15th day 
were similar. As fnay be noted also in Experiments 1 and 2, the degree of reac- 
tivity was about the same in both sexes before a weight of 1,700 gm. was reached. 


TABLE n 

Responses of Female Rabbits to Small Doses of Horse Serum Intraculaneously 





Cutaneous lesions 

Predpitin reactions 

Rtbbit 

‘Weight 

Second- 


Dose 


1 • T 


Xo. 




O.OOJ cc. 







Day 3 

Day 6 

Day 9 

Day 6 



Day IS 

R35-90 


0 

0 

0 

17x0.5 

' 




R36-78 


0 

0 

0 

0 

— 

— 



R36-91 


0 

0 

0 

0 


— 

— 


R37-01 

1,530 

0 

0 

0 

0 

— 

— 

4- 


R36-97 1 


9? 

0 

0 

18x0.54- 

— 

— 


— 

R36-93 


0 

0 

0 

0 

j 

— 

4- 


R36-99 

1,850 

0 

0 

0 

0 

1 



4- 


R37-02 

1,880 

0 

0 

0 

0 

— 


-hah 


R37-98 

1,900 

0 

0 

0 

0 1 

— 

— 

— 


R37-95 

1,950 

0 

0 

0 

15 X V. 1 


— 


— 

R37-96 


6 

0 

22 X p. 

20 X V. 

— 

— 


4-4“ 

R37-30 

Be 3 

0 

0 

0 

0 

— ! 

— 


— 

R37-31 

iH 

0 

0 

0 

0 

— 

— 


— 


In Group B males and females weighing over 1,700 gm. are compared. The 
older females developed sensitidty in a manner comparable to the younger indi- 
dduals of both sexes. In contrast, the males over 1,700 gm. in weight showed 
secondar>’ reactions, and distinct lesions to small test doses on the Cth and 9th 
days, while predpitins were uniformly present in good tiler by the 15lh dav. 
Group C was similar to Group B in respect of maturity, but received an original 
sensitizing dose of 0.2 cc. instead of 0.1 cc The some difTcrcnces in reactivitv, 
however, were manifest: In individuals weighing more than 1,700 gm, sensilidty 
developed more quickly and more intensely in males. 
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The results of these experiments indicate that male and female 
rabbits respond to horse serum in about the same manner before they 
have attained a weight of 1,700 gm.; that is, to about the age of 13 

TABLE in 


Responses of Male and Female Rabbits of Differetit Age Groups to Small Doses of 

Horse Scrum Inlracutaneously 








Cutaneous lesions 

Pfcciptin 


Rabbit 

No. 



c 

o 

•a 


Dose 

reactions 


Weight 

Sex 

s 

0.00] 

cc. 

0.001 cc. 

0.001 cc. 

1:1,000 

dilution 





o c 

t/2 

Day 

3 

Day 6 

Day 9 

>o o 

c4 (1 

P P 

Day IS 


R37-90 


Female 

0 


0 

17 .^0.5 


i 

zb 

Group A 

R37-87 

Wm\\ 

(( 

0 


0 

0 

— 

— 

Under 1,700 

R37-97 

Be St 

(( 

9 


0 

18 .’c 0.5+ ■ 

— 

— 

gm. in 










weight 



iMale 

■ 


0 

0 

— 

+ 



iwBq 

tt 



0 

0 

— 

zfc 


R37-94: 

1,550 

C( 

■ 


0 

21x0.5 - 

— 

— 


n 

BIS 

Female 

0 

0 

0 

15 X V. 

— 





1 


0 

22 xp. 

20 X V. 

— 

++ 

Group B 
Over 1 , 700 

R37-30 

BIS 

cc 


0 

0 

0 

— 

— 

R37-31 


cc 


0 

0 

0 

“ — 


gm. in 

weight 

R37-93 


Male 

8 

0 

15 XV. 

24x1+ - 

- — 

++ 

R37-98 


cc 


0 

0 

IS X V. 

- + 

+± 


R37-3S 


cc 


0 

20 X 1.5- 

22x1.5+ - 

- — • 

+++ 


R37-33 


cc 


0 

13x0.5 

22 X 2 

- — • ■ 

f+± 


R37-28 

4,085 

Female 

10 

0 

0 

18x0.5 — 

* - 

+ 

Group 

R37-29 

4,190 

cc 

10 

0 

0 

17 1 

■ — 

— 

Over 1 , 700 









gm. in 

R37-32 

2,830 

Male 

7 

0 

20x2 

32x2.5 - 

, — 

++ 

weight 

R37-34 

3,080 

cc 

8 

0 

16 X 1 

22x1.54 


++ 


* Group C received 0.2 cc. of horse serum on 1st day. 


weeks. With advancing age beyond this point only males show an 
increasing reactivity. The situation may be represented schemat 
ically as shown in Chart 1. 
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In attempting an analysis of the divergence in character of response 
vith advancing age in the sexes two possible explanations suggest 
themselves: (1) There are factors peculiar to the male associated with 
physiological maturation which are responsible for increasing im- 
munological reactivity in that sex. (2) The effect of physiological 
maturation obtains in both sexes but is not evident in the female be- 
cause a coincident nullif3dng influence comes into pla\'. The latter 
explanation is rendered plausible bj* the fact that females of the stod: 
employed usually go into heat at the age of 13 weeks, when a weight 
of 1,700 gm. has been attained, while it is just at this stage of develop- 
ment that the divergence between the sexes in respect of reacti%-itv 
to horse serum is first manifest. In xdew of this fact, and because the 
factor of estrus can be subjected to experimental investigation the 
following experiment was devised. 

ExpcrimcKl Twelve adult rabbits (2,300 to 3,000 gm.) were divided into 
three groups; Group A comprised 4 males which vrcrc sebjected to simple hparot- 
omy; Group 15, 4 females similarly handled; and Group C, 4 females rabjeefed to 
ovariectomy. 2 wecLs after the operarioas. the animals were all tested wdth horre 
serum, and observations v-erc continued for 5 weeks. Because low grade streito- 
CDCcal infections have been found to increase rcacti-.dty to horse serum (13},\he 
wounds were obscn-cd closely during life .and cramir.ed carcfullv at autops’y to 
determine whether or not infection h.ad developed. Ko correlation, howr.-^, v.4s 
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found between the amount of inflammation in the wounds and the degree of reac- 
tion to horse serum. 

The results of the tests with horse serum are shown in Table IV. 
One-half the males (Group A) had secondary reactions and 3 of them 
showed cutaneous reactions to test doses on the 9th day. ' In one ani- 
mal precipitins were detected on the 12 th day, and they were present 


TABLE IV 

Responses of Male, Female, and Ovaricctomxzcd Fanale Rabbits to Small Doses of 

Horse Scrinn Intracutaneously 



Rabbit 

No. 

Cutaneous lesions 

Precipitin reactions 

Second- 

ary 

reaction 
on day 

Dose 

1:1,000 dilution 

0.001 cc. 

0.001 cc. 

0.001 cc. 

Day 9 

Day 12 

Day IS 

Day 

12 

Day 

15 

Day 

21 

Day 29 

Group A 

R39-66 

8 

20x0.5* 

22 X 1 

24x2 

-h 

++ 

. -j— 

+++ 

Laparotomized 

R39-67 

9 

12 X V. 

15 X V. 

18x0.5 

— 

— 

— 

+± 

males 

R39-68 

0 

21x0.5 

21 X 1 

18 X 0.5 

— 

- 

+ 

++ 


R39-70 

0 

0 

18 XV. 

18 X p. 

— 

— 

— 

— 

Group B 

R39-56 

10? 

V, & p. 

22 X 1 

32x2 

— 

— 

- 

- 

Laparotomized 

R39-59 

0 

0 

0 

V. & p. 

— 

— 

— 

+ 

females 

R39-61 

0 

0 

26 X p. 

21 xO.5 




-f-h 

++ 


R39-63 

0 

0 

17 X p. 

1 18 X 0.5 

— 

— 

± 

— 

Group C 

R39-54 

11 

10 X p. 

15x1 

20 X p. 


— 

+ 

+.± 

Ovariectomized 

R39-S5 

9 

13 X p. 

17 xO.5 

19x0.5 

— 

— 

+=t 


females 

R39-57 

8 

10 X p. 

18x0.5 

20x0.5 

— 

— 

— 

+ 


R39-60 

6 

23 X p. 

26x0.5 

25x0.5 

+ 

+ 

+± 

++ 


* Definitely elevated lesions are underlined. 


in good titer in 3 by the 29th day. All the castrated females (Group 
C) showed secondary reactions and slight cutaneous lesions to test 
doses on the 9th day. Precipitins appeared in about the same concen- 
tration as in Group A. The females subjected to laparotomy only 
(Group B), in contrast to the animals in the other two groups, had no 
definite secondary reactions, developed no distinct lesions to the test 
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doses on the 9th day, and showed in only one individual predpitins in 
concentration comparable to that in the other groups. The findings 
indicate that adult female rabbits with intact ovaries develop sensi- 
tivity to horse serum more slowly and less intensely than do males or 
castrated females. 

At operation the uteri of all the animals in Group B were large and 
red, indicating that at the start of the experiment all members of this 


TABLE V 

Responses of Laparotomized and Ovarieciomized Female Rabbits to Small Doses of 
Horse Scrtm Inlraadaneoitsly 




C 

tl 

o 

u 

Catansons lesions ; 

Precipi- 













a 


u 


Dose 


actions 

Ribbit 

Operation 



g 






No. 












6 

^ e 

0.001 cc. 

0.00 Icc, 

0.001 cc. 

0.001 cc. 

1:1,000 



.Sf rt 

W- 

o-S 

t.' 

Car 5 

D2r6 

Day 9 

- 

Day 12 

Day I2t 



rm. 

prr 

cent 







R38-78 

Laparotomy 

11.0 

0.48 

0 

0 

0 

20x1 

0 

1 

R38-77 

« 1 

11.25 

0.42 

0 

0 

0 

15 X 0.5 

25 X 0.5 — 

1 

i 

R38-S0 

Ovariectomy ' 

8.25 

0.38| 

9?| 

0 

0 

20x 1-f 

35 X 1.5 

! — 

R38-75 

Laparotomy 

7.5 

0.36! 

9 ! 

0 

16x1- 

21 X l-h 

24 X V 

i ^ 

R3S-76 

« 

7.5 : 

0.28 

8 ! 

16 X 0,5 

20 X 1-f 

33 X 2 . 5 

55 X 2 


R38-85 

Ovariectomy 

5.25 

0.20 

6 1 

22 X 1.5 

18x1.5 

42x3 

40 X 2.5 

-r-r 

R3S-86 

it 

4.0 

0.16 

6 

0 

20 X 1.5; 

47x3 

53 X 3 — 


R3S-SI 

a 

3,5 

0.13 

7 

12 X V. 

17 X 1 ! 

23 X 1.5 

30x2 

-i ^ 


* uterus and \*agina 


100 gm. body weight 

t I'redpitin reactions on 9th day were all negative. 

group were in heat. Autopsies were not performed until 21 months 
later, but at that time the uteri in Group B were large and red in con- 
trast to the atrophic pale uteri in Group C. There was no proof, how- 
ever, that such a uniform dificrence existed in the uteri of the Uvo 
groups several weeks earlier when differences in rcactirity to horse 
scrum were being manifest- It may be noted, also, that in genera! 
skin lesions were smaller than in unoperated animals, suggesting that a 
2 week interval may be an insuffidcnt period for recuperation from the 
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effects of operation in experiments of this character. A fifth experi- 
ment was, therefore, devised in which these disturbing factors were 
reduced to a minimum. 

Expcrimait 5. — ^Eight adult female rabbits were subjected to laparotomy at 
which time the ovaries were removed from 4 of them, A period of 1 month was 
allo'wed for recovery, and autopsies were performed 13 days after the first injection 
of horse serum. In other particulars, Experiment 4 Avas repeated. The results 
arc shown in Table V, ordered according to the degree of cstrus present in each 
animal as evidenced by tlie relative %vcights of the uteri at autopsy. Those at tlie 
top of the list had relatively large uteri and were dehnitel}" in heat; those at the 
bottom with small uteri were not. It is to be noted that in one instance (R 38-80) 
the object of the ovariectomy w'as not accomplished, for although at autops}’’ no 
residual ovarian tissue could be identified grossly, the general appearance of the 
uterus indicated that the animal was in heat. In at least one instance (R 38-76) 
although the ovaries w^ere intact the uterus w’as not in the estrus stage. 

Probably in consequence of the long recuperative interval after operation in this 
experiment, cutaneous lesions developed in characteristic fashion. The test with 
horse serum indicated a distinct difference in degree of reactivity betw^een the 
animals definitely in heat and those in w^hich atroph3^ of the uterus had taken place, 
with a gradual transition between the two extremes. The tw^o individuals (R 38- 
78 and R 38-77) with very large uteri and intact ovaries had no secondar}’’ reactions, 
showed only slight cutaneous lesions to test doses of 0.001 cc. beginning on the 9th 
da}'', and did not develop precipitins by the 12th day. The 3 castrated rabbits 
with very small uteri (R 38-85, R 38-86, and R 38-81) all had early secondar}" reac- 
tions, showed skin reactivity to test doses of 0.001 cc. beginning on the 5th day 
and becoming quite intense on the 9th and 12th days, and all developed precipitins 
in good titer b}'- the 12th day. 


DISCUSSION 

These experiments indicate that in male rabbits of the stock em- 
ployed reactivity to horse serum injected intracutaneously increases 
with age after 13 weeks, or, in other words, after a weight of approxi- 
mately 1,700 gm, is attained. In normal females in estrus tliis in- 
crease does not occur with advancing age. Although castrated fe- 
males showed increasing reactivity coincident with the absence of 
estrus, the degree of increase was insufficient to account for the diver- 
gence exhibited between adult male and female rabbits. It seems prob- 
able, therefore, that there may be some additional factor besides es- 
trus to account for the differences in reactivity in the two sexes after 
attaining maturity. 
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Friedberger’s work demonstrating that in rabbits there is an in- 
crease in normal hemolytic amboceptor from the 8th to the 88th da 3 'S 
of life with a subsequent slight fall has been mentioned. An inspec- 
tion of the protocols of his experiments indicates that although the 
rise in titer was evident in each of the 20 animals studied, the slight 
fall after the 88th day was confined to the 15 females, while the con- 
centrations of this antibody continued to rise irregularly in the 5 males. 
In our experiments, the divergence between males and females oc- 
curred after the 13th week (91st day), Friedberger^s experiments, 
therefore, appear to indicate that the concentration of normal hem- 
olytic amboceptor is affected by the same factors which influence 
reactivity to horse serum. 

We have found no other record of analogous immunological obser- 
vations. The experiments of Barron (15) indicate, however, that re- 
activity to drugs may be conditioned in a comparable manner by the 
character of sexual maturity. In administering sodium amytal to 
rats varying between 30 and 400 gm. in weight, he found that the 
quantity required to produce deep non-fatal anesthesia became greater 
vnth. increasing weight in males. Females responded similarlj' until 
a weight of 60 gm. was reached, but thereafter they required a rela- 
tively smaller quantity. The tolerance of males bej'ond this period, on 
the other hand, increased sha^pl 3 ^ This sex difference appeared at 
an age when the ovaries begin to increase rapidly in weight. 

SXnJQtAPY 

1. Normal rabbits in the course of their development, after infancv’, 
vary in their responses to minute doses of horse serum given intra- 
cutaneously. 

2. There is increased reacti\it\* in males as the\" mature, beginning, 
in the stock employed in these experiments, at about the age of 13 
weeks when a weight of 1,700 gm. has been attained. 

3. The rcactirity of normal females remains at a constant level and 
the increase demonstrated in males does not take place. 

4. The divergence in degree of rcacti\nty between males and females, 
beginning with the establishment of cstrus. indicates that factors 
associated with sexual maturilv in females are responsible for their 
low reactivity. 



350 


SEXUAL MATURITY AND REACTIVITY TO SERUM 


5. The suppression of estrus by operative removal of the ovaries 
results in an increase of reactivity which, however, in the experiments 
reported here is probably not great enough to account entirely for the 
difference in reactivity between mature males and females, 
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STUDIES ON ORGANOGENESIS 


I. The Ability of Isolated Blood Cells to FoEii Orgakized 
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Blood cells, when placed for incubation in culture flasks containing 
a mixture of blood plasma and Tyrode solution, are capable of con- 
structing highly organized, tubular processes that resemble, in some 
respects, the blood capillaries of the organism. It is the purpose of 
this communication both to describe these structures and to disclose 
the conditions under which they are formed. 

Materials and Procedures 

The cells are taken from blood that has been drawn from the carotid of adult 
chickens according to the procedures regularly employed in the preparation of 
plasma. The blood is collected in plain glass tubes and centrifuged immediately. 
No anticoagulant is used. After centrifugation, and the subsequent rcmo\'al of 
the cell-free plasma >neld, the thin layer of Ieukoc>'tes (buffy coat) that rests above 
the red cells is coagulated by the addition of a drop or two of embiyo tissue juice.^ 
A little later, this layer can be removed as a disc and cut into small fragments for 
the preparation of the cultures. Each fragment consists of a layer of white cells, 
together n*ith such red cells as remain adherent to them. After a brief period of 
irrigation with T\Tode solution, the fragments arc placed in micro flaslis’ in a 
medium consisting of 0.2 cc. of adult chick plasma diluted with tt^icc that amount 
of TjTode solution. They arc then placed for incubation at 37'C. 

'lliis material is rendered cell-free by freezing for two periods of 15 minutes 
each at -50^0. 

•This flask (Carrel, A., Cempt, rend, Soc. bid, 1930, 105, 826) is 30 mm. in 
diameter and 5 mm. in depth. It has a straight neck, 5 mm. in diameter. At the 
union of the neck with the chamber, there is a slight constriction which prevents 
the medium from running into the neck. Tlic walls arc of sufTicieni ihinr.c 5 s 
(O.IS-O.IO mm.) to permit the study of caltures vrith a 3 mm. oil immersion lens. 
At the termination of an cx]>crimcnt» the cultures may be fiicd and stained in :Uu. 

3.M 
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EXPERIMENTS AND RESULTS 

Eciyly Stages in the Development of the Tnhulcs , — ^As a rule, the tubules 
(Figs. 1-4) begin to be formed as soon as the cultures have been pre- 
pared. At one or more points on the margin of the implanted frag- 
ments (Fig. 4), a few red cells become dislodged and break away. 
Their places are taken by those from behind. If the proximal impact 
is great enough, these cells are also pushed out into the medium. This 
makes for a general streaming. Each cell that is forced out follows 
in the wake of those that have gone before. They may proceed in 
single file, or abreast of one another, but always over exactly the same 
route. Tills route may take any direction. It may become so 
branched as to form a system of great complexity (Fig. 1). But as 
long as the cells in the lead are being pushed fonvard by those from 
behind, they ivill continue to advance through the medium until it 
coagulates. The moment coagulation occurs, the pathw'ay assumes 
the nature of a tunnel-like passage. Moreover, this passage will 
remain open and unobstructed, despite the fact that the cells in transit 
may be ividely separated (Figs. 11 and 12). Its boundaries become 
the interphase between the fluid plasma within and the coagulated 
plasma without. By manipulating the flask, the cells that are enclosed 
can be made to flow in either direction. If coagulation occurs before 
the proximal outflow has ceased, its lumen may become densely 
packed with cells. Even after the medium has coagulated, however, 
the force of the outgoing cells may stiU be so great that a large spherical 
expansion is formed at its distal end (Fig. 3). At other times, the 
channels may be completely ruptured. 

It has already been stated that the marginal outflow is initiated by 
the red cells. Red cells have smooth surfaces and easily shift their 
position. Without them, the phenomenon does not occur. Leuko- 
cytes, on the other hand, adhere to one another and to solid structures. 
While capable of independent locomotion, they may, as in the present 
instance, be swept along in a ciurent of red cells. The outflow will 
not occur, however, if the buffy coat has become too firmly coagulated 
before the fragments have been prepared and placed in the flasks. 
Under these conditions, the red cells are held so securely in place by 
the fibrin meshwork of the explant itself that they are rendered incapa 
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ble of movement. The greatest number of tubules are to be obtained 
from a thick fragment of relatively loose texture and one that contains 
an abundance of red cells. 

It should also be pointed out that the tubule formation occurs inde- 
pendently of, and begins prior to, the general outward migration of 
leukocytes (Figs. 4 and 5). In fact, the two phenomena depend upon 
entirely different environmental conditions. It has been foimd, for 
example, that when the medimn is composed of serum, the cells flow 
out irregularly from aU sides, and no tubules are formed. In the pres- 
ence of plasma, however, the outflowing cells may take everj' con- 
ceivable form, ranging from broad, fan-like disseminations through 
short, stalky, bud-hke projections to long, slender ones such as those 
just described. It has also been found that the development of the 
tubules is not suppressed by substances that enhance cell activity 
unless they induce, at the same time, the immediate coagulation of 
the plasma. Thus, embryo tissue juice prevents their formation by 
producing immediate coagulation (Figs. 6 and 7). Their develop- 
ment is not hindered, however, by the addition of tiy'ptic digests of 
fibrin. Although these latter substances stimulate the leukocjdes to 
enormous activity, they do not hasten, to any appreciable degree, 
the coagulation of the fibrin network. It is, of course, possible to 
delay, to some extent, the onset of coagulation by retaining the cul- 
tures for a time at room temperature. This, as a rule, makes for the 
development of a larger number of tubules and for tubules of greater 
length than it is possible to obtain by immediate incubation. 

Later Stages in the Dcvclop77!a:t of the Tubules . — ^AU that has occurred 
up to this point may take place within 15 to 20 minutes after the cul- 
tures have been prepared. As soon as the surrounding medium has 
become firmly coagulated, however, no further change occurs either 
in the length of the tube or in its diameter (Figs. 9 and 10). So far, 
in fact, the cultures have no definite walls. In the majority of cases, 
the walls begin to be laid down after from 5 to S hours’ incubation 
(Fig. S). They arc formed b}’ the actixdt}- of li\-ing cells, or cell 
products, particularly the thromlx>cj'tcs, that have been deposited 
along the course of the tubules. WTiercvcr there arc gaps between 
the cells confined in the tubules, these minute Iwdics may be seen to 
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spin out fine, liair-like filaments at the interphase between the lumen 
of the tubule and the surrounding coagulum (Figs. 11 and 12). These 
filaments are of the nature of fine mesenchymal fibrillae. Sometimes, 
they become very dense (Fig. 13). They take on a deep blue colora- 
tion when stained with Heidenhain’s azan mixture, and become black 
when treated according to the Bielschowsky-Maresch silver impregna- 
tion procedures (Figs. 21 and 22). 

Out in the surrounding medium, the tlirombocytes may form similar 
strands, but here at random (Figs. 14 and 15). Where they are well 
isolated from one another, these strands are usually very short and 
are arranged radially (Fig. 14). The majority of them, however, 
tend to agglutinate. Very often, the agglutinated masses become 
joined together by numerous, parallel threads (Fig. 15). 

After a few days, the red cells within the capillary-like formations 
become progressively phagocytized by the macrophages (Figs. 10 and 
19). Eventually, these in turn may escape into the surrounding 
medium, sometimes through definite breaks in the walls, but more 
often by way of their proximal ends. After some days, the tube may 
be completely empty. In tlie meantime, however, any number of 
macrophages may come to rest on its outer surface (Figs. 16, 21 and 
22). In this position, they bear striking resemblance to the mucli 
discussed cells of Rouget. Occasionally, their undulating membranes 
become so fused with one another as to give the impression of an 
unbroken syncytium. If the cultures were fixed and stained at this 
moment, the walls of the vessels would appear to be nucleated. 

Sometimes the fibrous wall is incompletely formed, the strands being 
laid down over a single portion of the original passageway. At other 
times a single cord of fibrous material may extend along one side of it 
(Fig. 18). Invariably, however, its lumen remains open and filled 
with fluid. When the wall is complete, it is possible to inject the 
tubule with a micro pipette. With increasing pressure, the vessel 
becomes distended. Eventually, of course, it will burst. 

DISCUSSION 

The present experiments have shown that it is possible for the cells 
of the circulating blood, when placed for incubation in a suitable 
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ubstratum, to provide themselves vrith organized vessels’ of their 
wn creation. In the beginning, the formation of the organized struc- 
ures is a purely physicochemical phenomenon. It is dependent upon 
he consistency of the medium, the character and thickness of the 
iriginal fragment and the surface peculiarities of the red cells. As 
ioon as fragments containing a loose arrangement of red cells and 
eukocytes have been placed in a plasma mixtrure that does not coagu- 
late immediately, certain of the red cells, as the result of physical 
pressure exerted upon them by neighboring cells, initiate a general 
outflow from the central mass into the surrounding medium. This 
leads to the formation of definite channels, or passageways, through 
the imcoagulated plasma. Eventually, the medium coagulates. 
Despite this, however, the plasma contained in the tubular channels 
remains fluid. Its properties have been altered, in some way, by the 
advancing blood cells. Then, as soon as the tubules have been formed, 
the thrombocjles that have been deposited at the interphase between 
the coagiilated plasma without and the fluid medium within, proceed 
to lay down a fibrinated wall. They build this wall in exactly' the 
same way that they produce at random short strands of fibriUae in 
the outer medium. Finally, the wall becomes covered by a membra- 
nous layer of leukocj’tes. Here again, the leukocjles manifest a 
common, well known property. They will cover a cotton fiber in 
quite the same manner (Fig. 17). 

It follows, then, that the phenomenon as a whole is composed of a 
scries of events that are both phj'sicochemical and phraological in 
their nature. These various events are separate and distinct phe- 
nomena. The}' must, however, occur in a definite sequence. If, for 
example, the blood cells fail to stream out from the central e.xplant 
before the medium coagulates, no tubules are formed. The streaming 

’ Two years ago, Hueper and Russell (Hueper, W. C.. and Russell, M. A., Arc/:, 
txp. Zdlfcrsch., 1932, 12, -lOT) reported the appearance of similar structures in a 
certain j>crccntagc of leucoc^ae ' cultures, some of which had l>cen prepared in 
much the same manner as those referred to above. The observations reported bv 
these authors, however, arc so completely at variance with those presented here 
th.ii it does not seem ad\'isab!e to attempt a comparison of the two accounts. 
Moreover, no pretence was made bv them to determine the cond^tio-s urdc’ 
S^hich the phenomenon occurred. 
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has been found to depend upon the physical features of the explant 
and the cells tliat comprise it; the rapidity with which the medium 
coagulates, on the other hand, depends upon the physicochemical 
nature of the various substances that go into it and also upon the 
temperature at which it is placed. Then again, the marginal outflow 
from the explant into the medium may carry only red cells. WTiile 
this toU insure the formation of the fluid channels, or passageways, 
through the plasma coagulum, the channels will not become endowed 
with fibrillar walls unless the red cells are accompanied by leukocytes 
and thrombocytes. Assuming, however, tliat the tubules have been 
formed and that they have developed fibrillar walls, the possibility 
of their being covered, eventually, by a cellular membrane depends 
entirely upon the nutritive quality of the medium. 

The formation of these structures is looked upon as a definite exam- 
ple of organogenetic development. The phenomenon takes place 
whenever a certain group of cells is placed in a certain type of medium. 
Given the proper set of environmental conditions, its occurrence is 
inevitable. It is true, of course, that the structures formed are only 
slightly analogous to the blood vessels formed in the organism. At 
the same time, their manner of formation has been such as to suggest 
that formative processes occurring in the organism might also depend 
upon just such an ordered sequence of physicochemical and physio- 
logical events. 


SUMMARY AND CONCLUSIONS 

1. Isolated blood cells, when placed for incubation in a plasma sub- 
stratum, are capable of constructing highly organized, tubular 
processes that project from the explanted cell mass into the surround- 
ing medium. 

2. The tubular structures have fibrillar walls that may be covered, 
eventually, by a membranous layer of leukocytes. Their lumina 
contain blood cells suspended in fluid. 

3. The formation of the tubules is initiated by the red cells. The 
leukocytes, and more particularly the thrombocytes, are responsible 
for the construction of the walls. 

4. The phenomenon occurs only in the presence of plasma, the 
coagulation of which has been slightly delayed. Once the surrounding 



RAYMOND C. PARKER 


357 


medium has become firmly coagulated, no further change occurs 
either in the length of the tubules or in their diameter. 

5. The development of the tubules is not suppressed by substances 
that enhance cellular activity imless they induce, at the same time, 
the immediate coagulation of the medium. The addition of embryo 
tissue Juice prevents their formation by producing early coagulation. 

6. The phenomenon as a whole is dependent upon the physico- 
chemical nature of the medium, the character and thickness of the 
explanted fragment, and the physical and physiological peculiarities 
oi the cells that comprise it. It is the expression of various physico- 
chemcal and physiological events that have occurred in a definite 
order, or sequence. 

The author is greatly indebted to Mrs, Jane Bell Gladding, who has 
performed a large portion of the experimental work. 

EXPLANATIONS OF PLATES 

With the exception of those reproduced in Figs. 21 and 22, all of the photographs 
v,’ere made from living, unstained preparations. Eastman safety process films 
were used throughout. 

Plate 13 

Fig. 1. Culture 5308-4. Tubule formations in a colony of blood cells photo- 
graphed after 24 hours’ incubation in plasma and T>Tode solution. The cells in 
the background are leukocv'tes that have migrated out from the same cxplant. 
X31. ' 

Fig. 2. Culture 5589-3. Portion of a tubule after 24 hours’ incubation. The 
wall, clearly defined where it is present, is still incomplete. Note the miscella- 
neous character of the enclosed cells. X 198. 

Fig. 3. Culture 4048-8. Tubule from a culture incubated for 30 hours. Note 
the spherical expansion at the distal end. X99. 

Fig. 4. Culture 4078-1. Tubule formations after 1 hour’s incubation. The 
structures extend well beyond the zone of migrating Icukocv'tcs. X28. 

Fig. 5. Culture 4078-2. Tubule formations after 8 hours’ incubation. By 
this time, the zone of out^^ard cell migration extends well bevond the tubules. 
X20. 

Fig. 6. Culture 4092-10. Tubule formations in a colony of blood cells culti- 
vated in plasma and T>Todc solution. As usual, no cmbrv'o tissue juice was 
added. Photographed after 5 houn-* incubation. X 17. 

Fic. 7. Culture 4092-3. Colony of blood cells cultivated in plasma, 7‘yrodc 
solution and cmbrv'o tissue juice. In contrast to the culture shown in Fig. 6. no 
tubules ^^xrc formed. Photographed after 5 heurs* incubation. XI 7. 
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Fig, 8. Culture 4048-7. Portion of a tubule after 6 hours' incubation. In this 
section of the tubule, a few red cells are to be seen. A spherical expansion at its 
distal end (top of figure) is not shown. X 164. 

Plate 14 

Fig. 9. Culture 4048-7. The distal portion of a tubule photographed after 
30 hours' incubation. The red cells contained in the distal expansion are evenly 
distributed. X105. 

Fig. 10. Culture 4048-7. The same as Fig. 9 after 3 days’ incubation. By 
this time, the red cells have become phagocytized by the leukocytes. The several 
black blotches represent the location of phagocytes that are gorged with red cells. 
The proximal portions of the tubule are almost completely empt}". X105. 

Fig. 11. Culture 4078-2. Portion of a tubule photographed after 8 hours' 
incubation. That section of the passagewa}'' bung between the two groups of 
enclosed red cells is open and unobstructed. Although the wall has not yet been 
formed, a single fibrous strand may be seen extending along the bottom of the 
tubule. X365. 

Fig. 12. Culture 4078-2. Portion of another tubule from the same culture 
after 8 hours' incubation. As in the case shown above, this tubule extends across 
the entire width of the photograph. The fibrous wall is in process of formation. 
Onl}'' those cells that are clearb'' in focus are contained within the tubule. X365. 

Fig. 13. Culture 4097-2. Portion of a tubule after 5 da 5 "s' incubation. The 
fibrous wall is completely formed and is verj^ dense. X328. 

Fig. 14. Culture 5016-3. Red cells, leukocytes and thromboc 3 ’'tes from the 
outer medium of a culture incubated for 24 hours. The thrombocytes have 
thrown out i^e fibrillar strands that radiate in ever}' direction. Just above the 
center of the figure a macrophage is seen clinging to one of the heavier connecting 
fibers. X310. 

Fig. 15. Culture 5016-3. Agglutinated masses of red^cells, leukocytes and 
thrombocytes from another portion of the same culture after 24' hours' incubation. 
The various groups of cells are connected with one another by numerous fibrillae. 
X3iq. 

Plate 15 

Fig. 16. Culture 4048-8. Portion of a tubule after 5 days' incubation. Its 
surface is completely covered by leukocytes. Their thin, undulating membranes 
have become fused; giving the appearance of a S 3 mcytium. At the bottom and 
to the right of the figure, one of the cells lying on the surface of the tubule ma} be 
seen in relief. X207. 

Fig. 17. Culture 4087-10. Two sections of a single cotton fiber that has 
served as a supporting structure for free wandering leukoc 3 ^tes; from the outer 

medium of a culture of blood cells after 6 da3^s' incubation. Xl98. 

Fig. 18. Culture 4048-9. Portion of a tubule whose cellular contents have 
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either died or migrated out from its lumen. Only a section of the tubule has been 
enclosed by a fibrous vrall. Although the original channel branched out to ,the 
right (at the bottom of the figure), no 'wall 'W'as formed. Photographed after 8 
days’ incubation. Xl85. 

Fig. 19. Culture 4048-7. The distal portion of the same tubule shown in 
Figs. 9 and 10, after 8 days’ incubation. X 185. 

Fig. 20. Culture 4048-7, The distal portion of a tubule that has obtained a 
well formed, fibrous wall. The extreme tip of this tubule is of ver\' small diameter. 
Photographed after 9 days’ incubation. Xl85. 

Fig. 21. Culture 5925-3. Portion of a tubule from a culture fixed in Ringer- 
formol after 5 days’ incubation and stained according to the sfl^'er impregnation 
procedures of Bielschowsky-Maresch. Note the complex, net-like structure of 
the fibrinated wall. X422. , 

Fig. 22. Culture 5925-3. Another tubule from the same preparation shown in 
Fig. 21. A number of Ieukoc>’tes have become incorporated in the fibrous wall. 
X422. 
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PROPERTIES OF THE CAUSATRT: AGENT OF A 
CHICKEN TUISIOR 


TX. The Eefect of Aqueous Extracts of Chicken Tuhor I on 
Yeast Nucleic Acid* 


Bv DOUGLAS A. MacFADYEN, M.D. 

(From (he Lahoralorks of The Rockefeller InslituU for Mediccl Research) 
(Received for publication, June 21, 1934) 


A component of the chromosomes and therefore intimately asso- 
ciated wth the rate and rhythm of cell reproduction, nucleic acid is 
an interesting substrate for extracts of tumor material. The disin- 
tegration of nucleic acid by such extracts has been reported by several 
investigators including Somekawa (1), who obseiA’ed that aqueous 
extracts of Chicken Tumor I caused a separation of purine derivatives 
from yeast nucleic add, and Edlbacher and Kutscher (2), who daimed 
that mammalian tumors split phosphoric acid from thjmius nucleic 
add vrhereas extracts from Chicken Tumor I had little if anj^ effect of 
this kind. 

A review on nucleic adds by Levene (3) led to the belief that these 
isolated observations, reported without tests for biological potency, 
might be correlated and extended, and to the opinion that an impor- 
tant structural characteristic of nucleic acid had been ignored; namely, 
that the arrangement of nitrogenous, sugar, and phosphoric add groups 
is such that the ester bonds between component nucleotides must be 
broken to release more than one-quarter of its phosphoric acid and 
that they may be broken ^v^thout release of inorganic phosphorus 
or of nitrogenous bases. This dirision of nucleic add into its four 
nuck'Olidcs when tlic ester bonds are broken by tnzyruQ action may be 
called iK)l}TnicIeotida5e aclidty.^ 
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CAUSATIVE AGENT OF A CHICKEN TUMOR. IX 


Ihc polynucleotidase and phosphatase activities of aqueous extracts 
of Chicken Tumor I arc reported in this paper with evidence demon- 
strating a relationship lictwccn two systems, polynucleotidase activit)^ 
and associated inhibiting material, and tumor-inducing agent and asso- 
ciated inhibiting material. 


M clliods 

As defined in the foregoing, pofvnuclcotidasc activity is the division of nucleic 
acid into its four component nucleotides and therefore the measurement of this 
activity depends on tlic separation of nucleic acid from nucleotides. This separa- 
tion was accomplished by precipitating nucleic acid at its iso'clectric point, pH 
less than 2.0, with a solution of 1.25 gm. uranyl chloride in 10 per cent trichlor- 
acetic acid. This mixture ^delds a supernatant solution of nucleotides and less 
complex derivatives of nucleic acid which can be separated from the precipitate of 
intact nucleic acid by spinning the mixture in a centrifuge (9). 

As a source of such enzyme activity various products of Chicken Tumor I were 
tested. These products were Berkefeld filtrates of fresh tumor material, aqueous 
extracts of desiccated tumor material, and the supernatant fluid obtained by 
treating tlie aqueous extract with aluminum hydroxide Type C prepared as 
described by Willstatter and Kraut (5). The details of preparation of these 
products ma)'' be found in tlie papers of Murplw and his associates (6). All 
extracts used in the following experiments were prepared b}’* extracting 1 gm. dry 
tumor powder with 60 cc. distilled water, separating the insoluble matter b}^ 
spinning in a centrifuge at 1200 r.p.m. for 10 minutes, and decanting the super- 
natant soluble substances. The aluminum supernatant fluids were prepared by 
shaking a volume of aqueous extract with the gel from an equal volume of alumi- 
num hydroxide Type C, spinning the mixture in a centrifuge at 1200 r.p.m. for 5 
minutes, and decanting tlie supernatant fluid. This supernatant fluid is referred 
to as Sa. The concentration of chicken tumor substance in solution was deter- 
mined by drying 2 cc. of solution under reduced pressure in a desiccator containing 
concentrated sulfuric acid until the weight of dried material was constant. 

The disintegration of yeast nucleic acid was observed in mixtures containing^ 1 
volume, 1 to 5 cc., of chicken tumor product, 3 volumes of 3"east nucleic add in 
0.15 M buffer solution, and 1 volume of an aqueous solution of phenol. This 
mixture is called the digestion mixture throughout the paper. The buffers used 
for pH’s of 5.0 to 7.0 were the sodium hydroxide-sodium citrate mixtures prepared 
according to Clark (7), and for pH’s of 7.0 to 9.0 the sodium veronaI-h)"drochloric 
acid mixtures prepared according to Michaelis (8). The final concentration of 
nucleic acid was 1 to 4 per cent and of phenol was no greater than 0.3 per cent. 
The digestion mixtures, unboiled and boiled, were incubated in tubes with rubber 
stoppers at 37,5°C. until aliquots taken at regular intervals indicated that maxi- 
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muni disintegration of nudeic add had been attained- Each aliquot “was examined 
bacteriologically by smear and by subculture on agar because the final concentra- 
tion of phenol vras of low antiseptic power particularly for members of the aerobic, 
spore-bearing group of bacilli whose intensive disintegration of 3’’cast nudeic add 
is to be reported elsewhere ^*ith a more detailed description of the chemical 
methods (9). 

The products of disintegration of nudeic add were separated from intact nudeic 
add by the following procedure. 4 cc. samples of the digestion mixtures were 
pipetted into centrifuge tubes of 50 cc. capadty and to each sample was added 11 
cc. distilled vrater and 10 cc, of the predpitating reagent. The mixture was 
shaken vigorously for a few seconds and stirred thoroughly twice during a 10 
minute interv^al. The white fiocculent predpitate was separated from the yellow 
supernatant fluid by spinning the mixture in a centrifuge at 900 R.p.ir. for 3 
minutes. Then the supernatant fluid was decanted into a 50 cc. volumetric flask, 
and the precipitate was broken up \sith 10 cc. of predpitating solution previously 
diluted to 2/5 concentration with distilled water. Separation of the predpitate 
and supernatant was repeated twice as described and the three supernatants 
pooled and made up to 50 cc. with dilute predpitating reagent. The predpitate 
was dissolved in 25 cc. of k sodium carbonate. 

In this way two solutions were made available for analysis of nitrogen and of 
phosphorus. Total nitrogen was determined by the micro-Kjcldahl method of 
Van Slyke (10); inorganic phosphorus was determined b\' the colorimetric method 
of Lcibofi (11); and total phosphorus was determined b\' a modification of the 
method of Lcibofi (9). From these analyses of the two solutions the pohmucleoti- 
dasc and phosphatase activities were calculated by the use of appropriate factors. 

The estimations of cnx>Tnc actidty were based on the structural formula of 
nucleic add reported by Ixvcnc (3). Pohmudeotidase actidty was calculated, 
in terms of milligrams of nudeic add disintegrated, by multipidng by 6.13 both 
the increase of total nitrogen soluble in the uranyl chloride supernatant fluid and 
the decrease of total nitrogen in the uranyl chloride predpitate, and by multiplv- 
ing by 10,3S both the increase of total phosphorus in the uranyl chloride super- 
natant and the decrease of total phosphorus in the uranyl chloride predpitate. 
Similarly phosphatase activity was calculated, in terms of milligrams of nudeic 
add disintegrated to release inorganic phosphorus, by multipldng by 10.38 the 
inorganic pho'^phorus soluble in the uranyl chloride supernatant fluid. The 
factor 0.15 is the ratio of the molecular weight of yeast nudeic acid to the weight of 
15 atoms of nitrogen; i.e., 12S7.5/210. The factor 10.3S is the ratio of the molec- 
ular v.'clghl of yeast nudeic add to the weight of 4 atoms of pho’^phoru^* if 
1287.5/I2L1, 


Except x'hcrc stated each cb''erv'atio: 
diucrcr.ee of analysis cf lx'''iicvi digestion : 
inixturr. 


in the tables shovirig results :i the 
xture from \hzi of unboiled digestion 
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RESULTS 

Fifty aqueous extracts from different Chicken Tumor I powders 
have been investigated for hydrolysis of yeast nucleic acid: forty-four 
caused a disintegration of nucleic acid as considerable as that of 
chicken liver, kidney, spleen, and much more considerable than that of 
muscle. The other six extracts caused little or no disintegration of 
nucleic acid for reasons possibly associated vdth their pathological 
character; f.c., the induction or inliibition of tumor growth. 

Variations in the tumor-inducing power of different Chicken Tumor I powders 
have been noted by Murphy and Sturm (12), who classify the pathological acti^dty 
of such powders as active, neutral, inhibiting: an active powder yields an aqueous 
extract which will induce an easily measurable tumor in 10 to 14 da 3 "s after the 
extract is injected intracutaneousl}'' into the breasts of barred Pbraouth Rock 
hens; an inhibiting powder, usuall}^ from a slow growing tumor, 3 delds an aqueous 
extract which, when mixed with an active extract, prevents completely the appear- 
ance of a tumor for at least 5 weeks after injection; and a neutral powder, usuall 3 ’' 
one which has been kept more than a 3 "ear, neither induces nor inhibits tumor 
growth. The aluminum supernatant fluid when obtained from an active extract 
is called active Sa, when obtained from a neutral extract is called neutral Sa, and 
when obtained from an inhibiting extract is called inhibitor Sa, The aluminum 
supernatant fluids are either active or neutral pathologicall 3 ’' but never inhibiting 
because tlie aluminum h 3 ’’droxide gel adsorbs the inhibiting material to a greater 
degree than it does the tumor-inducing agent. 

The foregoing definitions have been made to avoid confusion between enz 3 "me 
and biological activities: in all cases the pathological term is given to the source of 
enz 3 TOe activit 3 ^ Further aids to clear understanding of the tables are the sum- 
maries at the head of each table 'which give the final concentration of substrate, 
source of enzyme activit 3 ^, and of antiseptic, and which give the pH, time of 
incubation at 37.5°C., and the results of subculture on agar slopes. Finally, 
under the heading “Nucleic acid disintegrated” the number (1) refers to nucleic 
acid calculated from the total nitrogen in the uran 3 d chloride supernatant fluid, 
the number (2) refers to nucleic acid calculated from the total phosphorus therein, 
the number (3) refers to nucleic acid calculated from the total nitrogen in the 
uranyl chloride precipitate, and the number (4) refers to the nucleic acid calculated 
from the total phosphorus therein. 

Polynucleotidase Activity of Tumor-Inducing Extracts of Chicken 
Tumor /. — The polynucleotidase activity of active extracts of Chicken 
Tumor I caused a maximum disintegration of 44 per cent of yeast 
nucleic acid in 1 week at 37.5^C. at pH of 6.5. The enzyme acti^dty 
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(as -svell as the tumor-inducing activity) -n-as destroyed by heating the 
extracts at temperatures above 55°C. for 30 minutes. These state- 
ments are substantiated in Table I. 

TABLE I 

Polynucleofidase Activity of A qucmis Extracts of Chicken Tumor I Poviders 

Nucleic acid, 1 per cenL pH, 6.5. 

Chicken Tumor I, 0,22 per cent Time of incubation, 1 vreek. 

Phenol, 0.22 per cent Subcultures on agar, negative. 


Source of cEijxic activity 

M) 

Nucleic add dis- 
integrated 

Nuddc add left 
iutact 

(O 

Hydrolysis 

(I) 

(2) 

(3) 




«r. 

r,i. 


mm 

^er ctrJ 

Active extract 

90.72 

90.83 

113.96 1 


44 

Active extract 

90.11 

90.82 

115.06 


44 

Boiled extract 

6.13 

2.07 

193.61 



Boiled extract 

5.52 

2.07 

199.22 

H9 



TABLE n 


Polynucleotidase Aclivitics of Extracts of Chicken Tissues 


Nucleic add, 3.75 per cent. 

Phenol, 0.1 per cent 

pi I, the optimum for each extract. 

Time of incubation, 1 week. 


Dr>' vreight per cc. of extract: 


Liver, kidney 18 mg. 

Spleen 16 mg. 

Chicken Tumor 1 11 mg. 

Musdc S mg. 


S«'u*cf t>r cuTjTT.e activity 

■ 

1 

Nucl*^ add dls- 
1 ietrtrated 

C) 

Naddc add dli- 
ictrrritril firr mj. 
dry vdeSt cf 
extract 


1 i 



Liver 

j s.s 

62. so 

3.49 

Kidney .... 

i S.8 

52.42 

2.91 

ChkVfn Tumsor I 

! 7.5 

1 45.15 

i 4.10 

8*^' rrn 

1 S 8 

1 43. OH 

1 2.70 

?dutcle 

i ' ^ 

i 5.10 

( 

1 0.65 


Compared v;iih thofc noriTial tis 5 ues of 
cajxadiy Chicken Tumor I has an aclidty het 
that of and raucli greater tlvan th.at of 


hi gh poUnr u cl eo t i d a 
'cen that of kidney and 
tu^cle. in th:^ cateri- 
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merit all extracts of normal tissues were prepared as descnbed for 
extracts of Cliicken Tumor I and the dry weight per cubic centiineter 
of extract determined. The polynucleotidase activities of these 

extracts are given in Table II. _ 

Consideration of Table II reveals that the unit activity per milli- 
gram dry weight was greater than that of any normal tissue m- 

bcl-wccn Polymidcoiidasc and Phosphatase ^ 

Active Extracts of Chickens Tumor /.-The polynucleotidase and phos- 



and the effect of low oxygen tension. ^ ^ 

The rate of hydrolysis for , ^^ase starts faster and 

in Table III, wHch shows that the ^.^an one- third 

ends sooner than the phosphatase, an phosphorus, 

of the disintegrated nucleic acid ^ P 7 5 whereas 

The optimum pH for P^lynncMse ^ 

it is about 6.5 for phosphatase activity, as sh 
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An environment of low oxygen tension was produced in a glass jar, 
containing the digestion mixtures in tubes without stoppers, after 
'ivithdrawal of air, by restoring atmospheric pressure with hydrogen. 
In this environment the phosphatase acthitj' was twice that in air 
whereas the poljmucleotidase actmty was the same as in air, as shown 
in Table V. 

Phosphatase Aclivity of Tumor-Inducing Extracts of Chicken Tumor I. 
— ^The phosphatase actmty of active extracts of Chicken Tumor I 

TABLE TV 

Effect of Hydrogen Ion Concentration on the Polynucleotidase and Phosphatase 
Activities of Chicken Tumor I 

Nucleic add, 2 per cent. Time of incubation, 3 weeks. 

Chicken Tumor I, 0.37 per cent. pH, as showm. 

Phenol, 0.1 per cent. Subcultures on agar, negative. 


pH 

(A) 

Ncclcc acid disintegrated 

Nucleic acid dts* 
inte^rralcd to release 
incr panic pbos- 
pberus 

<C) 

Ratio of pclynuclct*- 
lidose to phos- 
phatase 

C « A/B 

(1) 

(2) 



rtt. 

r:f. 


5.0 


144.6 

79.41 

l.SO 

5.5 


149.7 

SO. 96 

1.85 

6.0 


154.5 1 

90. S2 

1.70 

6.5 


157.5 

99.13 

1.59 

7.0 

_ll_ 

162.4 ' 

78.37 

2.07 

7.5 


171.2 

39.44 

4.35 

S.O 


160.7 

12.46 

12. S9 

8.5 


152.4 

S.30 

18.40 

9.0 


142.1 

10. 3S 

13.69 

1 


caused a maximum di.dnlcgration of 15 per cent of the nucleic acid in 
the dige.'^lion mixture at pH of 6.5 in 3wccks at 37.5'C. The inorganic 
phosphorus rolcascti from nucleic acid may have come from it directly 
or indirectly through nucleotides or through phosphoric acid ester of 
rilwsc as the immediate substrate. ITis alternative is preferred be- 
cause there is a dchnitc lag of the phosphatase behind the {>olynuclc- 
otid.ase activity. Therefore, tlie phosphatase activity is c.alculated in 
terms of percentage hydrolysis of disintegrated nucleic acid. So 
defined, the phosphatase acti\-ity of Chicken Tumor I is much less 
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intense than that of any extract of normal tissue investigated and it 
has an optimum pH different from that of the polynucleotidase. 
These statements are substantiated in Table VI. 

TABLE V 

Polynucleotidase and Phosphatase Activities of Chicken Tumor I Extracts in an 
Environment of Air and of Hydrogen 

Nucleic acid, 3.75 per cent. Time of incubation, 1 week. 

Chicken Tumor I, 0.30 per cent. pH, 7.3. 

Phenol, 0.12 per cent. Subcultures on agar, negative. 


Atmospheric environment 

{A) 

Nucleic acid 
disintegrated 

(2) 

m 

Nucleic acid 
disintegrated 
to release 
inorganic 
phosphorus 

1 

(C) 

Polynucleotidase 

activit}' 

C » ^/i50 

(D) 

Phosphatase 

activity 

D « P/ISO 


mt. 

Wf, 

per cent 

per cent 

Hydrogen 

71.8 

22.0 

47.9 

14.4 

Hydrogen 

71.8 

21.8 

47.9 

14.2 

Hydrogen 

71.8 


47.9 

14.2 

Air 

72.7 

10.0 

48.5 

6.5 

Air 

71.8 

11.2 

47.9 

7.3 

Air 

70.9 

10.6 

47.3 

6.9 


TABLE VI 

Phosphatase Activities of Extracts of Chicken Tissues 


Nucleic acid, 3.75 per cent. Time of incubation, 3 weeks. 

Phenol, 0.1 per cent. pH, the optimum for eacli extract. 



Optimum pH 

1 

Nucleic ncid 
disintegrated 

(2) 

Nucleic acid 
disintegrated 
to release 
inorganic 
phosphorus 

1 

(C) 

Phosphatase 

activity 

A =-^X100 

I/ivcr. 

8.8 

mS‘ 

62.80 

tng. 

38.57 

per cent 

1 

JCiHnev 

8.8 

' 52.42 

32.49 

62 

Phirlvpn Tumor I 

6.5 

40.16 

13.39 

33 

Spleen. 

S.S 

43.08 

24.46 

57 

Muscle 

7.0 

5.19 

4.15 

SO 


Polynucleotidase and Phosphatase Activities of Safrom Active Extracts 
of Chicken Tumor /.—Adsorption of material from aqueous extracts 
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by aluminum hydroride Type C in most cases increases the absolute 
intensity of polynucleotidase activity and always (twenty-five tests) 
increases the unit activity per milligram dry weight of Chicken Tumor 
I in solution. On the other hand, the absolute intensity of the phos- 
phatase activity in all cases is decreased, and the unit actirity increased 
though not to as great a degree as the polynucleotidase. The effect 
of adsorption with aluminum hydroride Type C on the enz3Tne actiri- 
ties of the extracts is shown in Table \TI. The frequent increase of 


TABLE %TI 


Effect of Adsorption -xiih Aluminum Hydroxide Type C on the Folynudcotidcse and 
Phosphatase Activities of Extracts of Chicken Tumor I 


Nucleic add, 1.87 per cent. 

Chicken Tumor I in extract, 11.1 mg. per cc. 
Chicken Tumor I in Sa, 1.7 mg. per cc. 
Phenol, 0.1 i>cr cent. 


Time of incubation, 3 vreeks. 
pH, 6.5. 

Chicken Tumor I in diges- 
tion mixture: 

■with extract 33,3 mg, 

vrith Sa 5,1 mg. 


Socrce of rnrj-mr icliTity 

M) . 
Nndcic aad 
disistcimted 
(2) 

Nucleic lad 
disisteprated 
to release iuor- 
picdc 

phcspborui 

(O 

Pclyuucfrotidasc 
ictivitj* per 
dr. Cb'cien 
Tcdorl 

C - X/33.3 or 
wt/S.l 

i 

Pfco57)f:ztrs-c 
actirity nrr 
cr. Chicteu 
Tuner I 

D - i>/33 J or 
B/S.l 


rtf. 

ni. ' 

trz. ' 

rrt. 

Kxtract 

73.14 

46.81 

2.2 

1.4 

l^tmct 

72.77 

44.84 

2.2 

1.3 

Sa 

81.26 

24.60 

1 15.9 

i 4.8 

Sa 

79.96 

24.29 

i ^5.7 

; 4.S 


total actixdty caused by treating the extract with aluminum hydro.xidc 
pci suggested that some inhibiting substance had been removed by 
adsorption. Similar experiment.^ by Murphy and associates (12) had 
disclosed the existence of material which inhibited the tumor agent, 
and for this rca.'^on the suggestive relationship between the two 


s>*stcms, polynucleotidase and a5soci.atcd inhibiting substance, and 
tumor agent and assodatrd inhibiting substance, was tested more 
tlcfmilely* 

Pciyfxuiicc^ticase cj Sa s cf Circccd Tiimof^JttducxnT PcxzfT, 

—Because the fw^Umudeotidase activity causes! a maximum disintegra. 
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tion of nucleic acid in 1 week and because the tumors reach a measur- 
able size in 10 to 14 days it was possible to predict the relative size of 
tumors induced by Sa’s of active, neutral, and inliibiting extracts. 
Within the error associated with the use of only two dimensions as 
accurate indices of the size of the tumors there was a rough propor- 
tionality between the polynucleotidase activity and the size of the 
tumors induced by these aluminum supernatant fluids. This propor- 

TABLE vin 

Polynucleotidase Aclivilics of Sa’s of Graded Tumor-Iiidttcing Power 
Nucleic acid, 1.8 per cent. Chicken Tumor I in active Sa, 1.7 mg. per cc. 

Phenol, 0.1 per cent. Chicken Tumor I in neutral Sa, 1.6 mg. per cc. 

Time of incubation, 3 weeks. Chicken Tumor I in inhibitor Sa, 0.9 mg. per cc. 
pH, 6.5. Subcultures on agar, negative. 


Source of ensyme activity 

Nucleic acid 
disintegrated 
(2) 

(B) 

Chicken 
Tumor I in 
digestion 
mixtures 

Nucleic acid 
disintegrated 
per mg. Chicken 
Tumor I 
C^A/B 

iJD) 

'Maximum 
and minimum 
size of tumors 
(6 injections 
for each Sa) 


tng. 



cm. 

Active Sa 

81.26 

5.1 

15.9 

2. 8.^2. 0 
to 

Active Sa 

79.96 

5,1 

i 

! 15.7 

2, 6x2.1 

i 

Neutral Sa 

17.85 

4.8 

3.7 

0.7x0.5 

to 

Neutral Sa 

17.27 

4.8 

3.6 

0.4 X 0.3 

Inhibitor Sa 

3.31 

2.7 


1 No growth 

Inhibitor Sa 

3.99 

2.7 

1.5 |, 


tionality is demonstrated in Table VIII, and was repeated in the only 
other experiment of this kind done. 

Polynucleotidase Activity of an Active Sa When Mixed with Extracts 
of Graded Tumor-Inhibiting Power.— Extracts of graded tumor-inlubi- 
ing power were prepared from active, neutral, and inhibiting powers 
in the usual way. Each extract was heated to 55°C. for 30 minutes 
to destroy any polynucleotidase and tumor-inducing activity , coole 
to room temperature, and mixed with an equal volume of an active Sa. 
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6 cc. of this mixtxire was tested for polynucleotidase activity with 14 cc. 
of 2.5 per cent yeast nucleic add in buffer at pH of 6.5, and 0.4 cc. 
was injected intracutaneously into the breasts of barred Plymouth 
Rock hens. Both experiments performed in this way demonstrated, 
as in Table DC, a rough proportionality between inhibition of the tumor 
agent and inhibition of the enzyme activity. 

TABLE rx 

PolynucleoHdasc Activity oj an Active Sa Whcfi Mixed vdth Equal Vohumes of 
Extracts of Graded Tumor-Irducing Pcrxrr 
Nucleic add, 1.75 per c^nt. Time of incubation, 3 ’n-eeks. 

Phenol, 0.22 per cent. Subcultures on agar, negati\'e. 

pH, 6.5, 


P»lbo!otiail charictcr of crlricts 
taiifd tritis active Sa 

M) 

Nccldc zexa 
dUiategrated. 
Extract h»tcd 
to SS’C. 

(2) 

(B) 

N udcic add 
disintcyrated. 
Extjact bcilfd 
(2) 

(O ! ilaxirtTca 

i Inhibition of • tnnirniusi 

'pobxndcotidisc I 
; ictivitj' 1 wiccnon, lor 

’ B A ’ inixturc 

C * — — X 100 of extract and 
i ^ i Ea) 


r:X- 

nr. 

j fer cent 

J cn. 

Active extract 

j 24.13 

1 

25.09 

j 3.8 

1. 7x1.6 
; to 

i 1. 5x1.5 

Neutral extract | 

14.82 

24.64 

40.0 

0.9 X 0.8 
to 

! o.sxo.g 

Inhibiting extract 

5.75 

25.62 

I 77.6 

' Xo gron-tli 

IVatcr 

25.70 

25.70 

i 0 

1.8 X 1.6 

to 

, 1.6x1. 6 


DISCUSSION 

The results reported in this paper confinn the obsert'alions of Edl- 
bacl)cr and Kutschcr that extracts of Chicken Tumor I have ver>' little 
phosphatase acli\dty at pH’s greater than S.O and arc consistent vrith 
the report of Somckav^*?. that these extracts cause a separation of purine 
substance from yeast nucleic acid more considerable than that of 
muscle. All these results may be correlated by a tentative explana- 
tion that under th.c intlucncc of cnajanes in Chicken Tumor I yeast 
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nucleic acid undergoes a progressive disintegration through the stage 
of nucleotides to phosphoric acid ester of ribose and free nitrogenous 
bases. 

The pathological significance of the polynucleotidase in Chicken 
Tumor I products cannot be stated definitely, though the rough pro- 
portionality between the enzyme system and the pathological system, 
the occurrence of the optimum pH in the physiologically important 
zone of pH 7.0 to 7.8, and the similarity of the minimal lethal tem- 
perature lead to the opinion that the relationship is not haphazard. 

SUMMARY 

1. Aqueous extracts of Chicken Tumor I cause a disintegration of 
yeast nucleic acid. 

2. Two enzyme activities, a polynucleotidase and a phosphatase, 
are demonstrated. 

3. These activities are distinguished by different reactions to an 
environment of h 5 '’drogen, different optima of hydrogen ion concentra- 
tion, and different rates of activity. 

4. Adsorption with aluminmn hydroxide Type C removes substances 
inhibiting the polynucleotidase activity. 

5. There is a rough proportionahty between the polynucleotidase 
activity and the tumor-inducing power of different fractions of extracts 
of Chicken Tumor I. 

6. There is a rough proportionahty between the inhibition of poly- 
nucleotidase activity and the inhibition of the tumor agent. 

7. The polynucleotidase activity of Chicken Tumor I is as great as 
that of spleen, shghtly less than that of kidney and liver, but much 
greater than that of muscle. There are also quahtative differences. 

The author is very grateful to Dr. F. Duran-Reynals for assistance 
in doing the bacteriological work, and for the assistance of Mr. Ernest 
Sturm in doing the pathological work. 
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Spontaneous conjunctival folliculosis, a disease widespread among 
rabbits, has been described in a preceding article (1) as occurring in 
two clinical forms, Type I and Tj^pe 11. The former is characterized 
by a dormant chronicity with discrete lesions, whereas the second tj-pe, 
a more actively progressive disease, presents an inflammator}' follicular 
reaction involving all the palpebral conjunctival surfaces. It was 
found that the transition from one t}'pc to the other, an infrequent 
occurrence in nature, could more often be induced artificially by experi- 
mental procedures. From our studies a conclusion was dravMi that 
the causal factor of the aficction is not an ultramicroscopic virus but 
an infectious agent behaving after the manner of bacteria of low grade 
pathogenicity. 

In this second paper the results of our bacteriological investigations 
will be presented. 

Methods 

The mclhcKis employed in culti\*alion tests v.czc similar, vdth the exceptions 
to be noted, to those in hactcriolopcil studies on spontaneous monkey follirulo- 
sis (2). ITc exceptions consisted in the use of: (a) dcfibrinated mbbit blood in- 
stead of horse blood in the prcpr.mtion of the blood r.irar medium, a substitution 
mr.de merely for the rnkc of convcnicr.ee; Q) dextrose instead of five cnrbohv- 
dmle<, of ^^•hich a 5 per cent solution v.*ss filtered lhrou:;h n Pcrkcfcld V cnr.dle, 
r.nd 5 cc. of the sterile filtrote v.crc ndded to cc. c f the blocd nrxr; (c) npur con- 
l.'irr.inp 2 yxrr cent Witte*? r^ptone. rdyufted to pH 7.4, to APC„ nr.d into 

ihi^ ftcrile, denb.dnxtH, mbbit xr.:ro'!::crd to m.Tle cent bv 

volume, 
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Altliough plain dextrose agar readily supported the growth of the several 
species of bacteria that were cultivated, the cmplo 3 Tnent of blood agar was found 
to be preferable, especially for initial cultures, in that it afforded a more profuse 
growth of fragile organisms and facilitated their recover)*. For each test six 
plates of blood agar and four tubes of leptospira medium, prepared as already 
described (2), were seeded with saline solution suspensions of excised conjunctival 
tissue.^ The excised tissue, rather tlian e.xpressed follicular, or grattage material, 
was found to be more advantageous for bacterial culti\*ation. 

CuHurcs of Affected Tissue and- Control Materials 

The bacterial flora of the conjunctival tissue obtained from normal 
rabbits was not unlike that from monkeys (2). Staphylococci and 
diphtheroids predominated, whereas the microorganisms less fre- 
quently encountered were the Gram-negative, motile or non-motile, 
chromogenic or non-chromogenic bacilli of indeterminate species; 
organisms of the subtilis group; yeasts and moulds. The relative 
incidence of these bacteria in normal tissue was low, and in aflfected 
conjunctivae much higher. Bacterium granulosis and Bacterium 
simiae, associated with human or experimental trachoma (3), and with 
simian folliculosis (2), respectively, were not found. Nor could we 
isolate Bacterium monocytogenes (3, 4), the incitant of fatal epizootics 
among rabbit breeding stocks. 

Thirty-eight strains of the indeterminate group of organisms were 
collected, and of these, sixteen different cultures were injected into 46 
rabbits in the manner already described (1). It should be noted that 
characteristic folliculosis was not induced thereby, although in some 
instances transitory, diffuse abscess formation resulted and in others 
localized pustules at the points of scarification. In all cases healing 
was prompt and normal conditions were restored within a week or two 
after inoculation. 

The different species of ordinar}’- or indeterminate bacteria, as men- 
tioned, were not the only ones which were isolated from tlie rabbit 
folliculosis tissue. In addition to these, w*e have cultivated from 
affected conjunctivae a new species of microorganism which, after 
inoculation into rabbits, induced a conjunctival follicular reaction 
indistinguishable from the spontaneous disease as it occurs in nature. 
This special bacterium has been isolated from seventeen of 24 rabbits 

^ AH operations on animals were performed with the aid of ether anesthesia. 
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showing fully developed, diffuse (Type H) foUiculosis. There was, 
however, considerable difficulty in cultivating it from animals having 
the Type I disease, which is less readily transmissible to normal rab- 
bits (1), and from those showing a mild degree of the diffuse form of 
the affection. For example, only five positive cultures were obtained 
from eighteen such animals. 

Description of the Mi€roorga?iism 

In the following brief form will be presented the chief morphological 
and biological characteristics of the special microorganism isolated 
and cultivated from conjunctival foUioilosis of rabbits. 


Morphology . — The common form of the microorganism is a slender, thin bacillus, 
with pointed ends, two or three times longer than its width, and ordinaril}- smaller 
in size than Bacterium granulosis or simiac, or 0.2 to 0,3/i wide and 0.5 to 1 pc 
long. The appearance of the minute, delicate, tenuous bacilli in stained him 
preparations is not unlike that of Z7. inftucnzac (Fig. 1). It is pleomorphic; one 
often secs shorter coccoid or lanceolate structures frequently occurring in pairs, 
placed end to end. As a rule, smaller organisms preponderate in growths in Icpto- 
spira medium and larger ones on agar. 

Reactions . — ^Thc organisms arc Gram-ncgative and non-add -fast. 
With stains for capsules, cspcdally those of Muir or Casarcs-Gil, a faint, delicate 
envelope can be observed outside of a thin halo surrounding the bacilli or the 
diplo-Ianccolatc forms. The capsule is of much finer texture than the membranes 
surrounding the granulosis or simiae species, and it is not demonstrable b}* ordinarj* 
tinctorial methods. The Casarcs-Gil stain also reveals perilrichal fugclla which 
apparently proceed from the capsular material (5). One flagellum is attached to 
each pole and one, two, or three, usually two, to each side. The thready struc- 
tures arc long, tenuous, and wa\y and in stained film preparations often appear 
matted or thro'^m to one side (Fig. 2). 

MctUit\\--Thc multiple flagella contribute to the peculiar and highly active 
motility of the organism. The badlli move rapidly in a circular or linear direc- 
tion with a motion ih.at may be cither waddling or tumbling. Tr.erc are some, 
however, that revolve alxnit their central points as axes, like a pinwheel, vrithout 
fonvard progression. The motility is not lost with the age of a culture, nor is it 
intlucnced by the medium employed. 

Sfrres cni mrtachrc^.atic p^anulrs are absent. 


A car Ptdfs. — ^Tl:e coicnics first appear In 2? to -5? -c n*. 
rphcrical growtlis al>out I mm. in diameter, rr.b.rging in 24 to AS ] 
of 2 or 5 mm. They are translucent, fv'^m.e'^ hat convex, rr' ht, and 
edee is entire; the sub-^t. ar.ee U slightly rred^h and 
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nified at 10 diameters as with a colony microscope, it exhibits a peaked center and 
a sharply defined, but slightly raised edge (Figs. 4 and 5). The growth on blood 
agar is more profuse and tlie colonies arc somewhat less translucent and more 
greyish. As occurs with granulosis and simtac microorganisms, cultures of 
affected conjunctival tissue yield onl}'’ an occasional colony of the special bacterium 
among many miscellaneous growths.* The colonics are sometimes adherent to, 
or incorporated witliin an alien one. In the latter instances, mixed growths can 
be purified by repeated subplants on fresh media. 

Agar slants exhibit within 48 hours a slightly greyish, translucent, coalescent 
growth, which is glistening, mucoid, homogeneous, and non-spreading. The w’ater 
ofs 3 meresis appears uniform!}'' cloudy or milky, depending on the amount of 
growth. 

Leptospira Medium, — 24 hours after inoculation, a faint nebulosity occurs just 
at the surface. Following this there is an ingrowing, sac-like mass, ndth its base, 
5 mm. across, lying at the center of the under surface and extending for 5 mm. 
into the medium. The area spreads out laterally so that within a day or two 
there is a uniformly opaque, whitish layer up to 1 cm. high. A slowl}'' ‘progressive 
extension of the clouding takes place until the bottom of the tube is reached, 
usually within 7 da}''S. 

Gelatin, — ^No liquefaction occurs. In stab cultures one observes a tenuous, 
arborescent, non-spreading line of growth. Colonies on gelatin agar appear grey- 
ish, mucoid, and confluent but the}'- are less numerous than on blood agar. 

Broth, — In this medium the growth is uniformly turbid without pellicle 
formation. 

LiUm^ Milk, — Unchanged. 

Potato, — Faint, buff colored (changing to brown after 5 days), non-spreading, 
sparse surface culture. 

Iiidol, — Not produced. 


^ A probable explanation for the sparse colony distribution of the three species 
of organisms in initial cultures of affected tissues is that the medium may not be 
completel}'' satisfactory for primary isolations, or the organisms may be suppressed 
by the growths of the rapidly developing, concomitant, miscellaneous bacteria 
present. Indeed, it has been shown by Weiss that the growth of staphylococci 
per sc chiefly by lowering the pH of the medium definitely inhibits the development 
of Bacterium granulosis — the degree of inhibition being measurable on a quantita- 
tive basis. Diphtheroids also suppress granulosis growth but not as markedly (o;. 
As already indicated, staphylococci and diphtheroids are predominating organisms 
in cultures of affected conjunctival tissues. We have also observed the inhibiUon, 
under these conditions, of growths of granulosis^ siiniae, and the special ra i 
bacteria. (See also Reference 7 ; and for a recent discussion of the principles un ^ er 
lying bacterial antagonism, Neufeld, F., and Kuhn H., Z, Hyg, u, Infcktion 
skrankh,f 1934, 116, 95.) 



P. K. OLITSKY, J. T. SY\^RTON, J. R. TYLER 


379 


Niirafes. — ^Not reduced- 

Carhohydraie Reactions,— This organism is non-fermenting in t>^e. No add 
or gas is produced on dextrose, levulose, mannose, mannitol, saccliarose, raffinOie, 
inulin, galactose, maltose, salidn, xylose, dextrin, arabinose, am 3 ^gdalin, lactose, 
duldtol, rhamnose, trehalose, sorbitol, or inositol. 

Other Properties,— Tht bacterium is aerobic and facultatively anaerobic. It 
produces no characteristic odor in cultures and is bile-resistant. The optimum 
temperature for development is 28— 30°C. The thermal death point is at o6 C. 
for 15 to 30 minutes. 

Filtrability, — Cultures suspended in saline solution failed, in ten tests, to pass 
through single disc Seitz and Berkefeld V filters. Similar material suspended, 
however, in hormone broth was filtrable through three of the four Berkefeld V 
filters used but not through Seitz discs. Precisely si m ilar results were obtained 
when cultu'tes of Serrafia marcescens {Badlhis proUgiosiis) were emplo 3 *ed. The 
filtrability of many spedes of bacteria is possible in a hormone broth suspension 
and the results of tests with the special bacterium do not necessarily indicate that 
it has a filtrable stage or that it is a “filtrable” organism. However that may be, 
we made use of this as a practical finding in selective filtration through pervious 
Berkefeld V candles of mixtures of the bacterium with larger, non-filtrable or- 
ganisms, such as staphylococd, so as to ?adlitate its recovery in a pure state from 
initial mixed cultures. The methods followed have already been described in 
similar experiments with Bacterium granulosis (7). 

Serological Reactions, — Repeated intravenous injections into rabbits of living 
cultures of the spcdal bacterium delded antisera with an agglutinin titer of 
1:1000 to 1:20,000 for aU the available cultures, 22 in number, of the micro- 
organism. The specificity of the agglutination was shown by the negative reac- 
tions in 1 : 10 dilution of the sera in tests with ordinaiy' bacteria and with 37 strains 
of the miscellaneous, indeterminate bacteria recovered from rabbit conjunctivae. 
At this point mention should be made of the fact that Bacterium granulosis and 
dmiae exhibit no cross-agglutination with the spedal bacterium. Hence the rab- 
bit organism is serologically spcdfic. 

No agglutinins against this bacterium were found in 1:2 to 1:15 dilutions of 
the sera obtained from 29 normal rabbits. On the other hand, thirteen of fourteen 
animals infected by subcon juncti\'al inoculation of the organism, as will be imme- 
diately described, revealed specific clumping in 1 : 20 to 1 : 160 dilutions of scrum 
in tests made during the 3rd to 6th week after inoculation. Nevertheless, the 
organism w*as not agglutinated by the serum of rabbits ha\ang spontaneous fol- 
iiculosis or the c.\|>cTinicntal disease evoked by injection of aflcctcd tissue. By 
comparison, no agglutinins were found in trachoma serum against Bacterium grarM- 
Icsis (S), nor in monkey foUioilosis blood against Bacterium simiae (2). Moreover, 
Weiss (9), in a summary* of his own and prior reports on localized infections of the 
conjunctiva, a class that includes rabbit folliculosis, has concluded that such 
aflcctions do not induce appreciable antibody formation. 
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Thus in the general properties as given, the bacterium isolated and 
cultivated from cases of rabbit folliculosis appears to be distinct from 
other described microorganisms. It has, however, the same generic 
characteristics as Bacicrium granulosis and Bacleriwn simiae. The 
diagnosis, or characters, of tliis genus may be stated as follows: 

Small, slender Gram-negative rods present in the conjunctiva of man and 
animals affected by a follicular type of disease; mucoid t>^e of growtli which in 
early subplants takes place with some difficulty in ordinar 3 ' media; motile, flagel- 
lated, and encapsulated; aerobic and facultatively anaerobic, produce no endo- 
spores, optimum temperature for growth 28-30°C. 

On the other hand, the rabbit microorganism differs in specific 
characters from those of either the human or simian bacterium, in the 
degree of motility; in the arrangement of flagella; in the manner of 
growth on the same medium; in the reactions wth carbohydrates, and 
especially in serological specifi.city, so that the designation of the 
rabbit bacillus as a distinct species is indicated. 

Pathogenicity Experiments 

Sixteen cultures of the special bacterium were available for patho- 
genicity tests. 

Of the sixteen cultures, fourteen individually and two pooled were injected 
into anestlietized animals. The 48 hour growth on agar slants of a second, or 
more remote generation, was suspended in 1 cc, of 0.9 per cent saline solution. 
0.2 cc. of the suspension was introduced subconjunctivall}^ into young rabbits 
having smooth lids. These animals were selected and quarantined in the manner 
ahead}'' described (1). Only the left lower membrane received the culture and 
two rabbits were employed for each strain; hence 30 rabbits were employed for 
the sixteen cultures. 


Only one strain was inactive; the remaining fifteen induced con- 
junctival follicular reactions in all but two of 28 inoculated animals. 
The resultant experimental disease could not be differentiated either 
clinically or histopathologically from the natural affection or from the 
infection evoked by inoculation of folliculosis tissue itself (1). In nil 
instances the disease developed eventually into diffuse, Type^ II 
folliculosis (Figs. 6 to 8) and from six of such animals the identical 
organism was recovered. These latter strains were again shown to be 
specifically active in normal rabbits. 
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Instillation of cultures of the special bacteriiun into the conjunctival 
sac of normal rabbits, in accordance vrith the method used previously 
(1), also brought about the same type of specific infection in two of 
three animals. These two exhibited characteristic foUiculosis, 11 and 
18 days respectively after the last instillation. Furthermore, the 
same microorganism was recovered from the conjxmctivae of both, in 
the 3rd and 7th week of their illness, when foUiculosis was fuUy 
established. 

Microorganisvis in Tissues . — ^The stained sections of lesions induced 
by the special bacterium and film preparations of expressed follicular 
material were studied. In the latter instance, the Giemsa- or Gram- 
stained grattage material obtained from 22 rabbits showed in ten of 
them misceUaneous bacteria varying in number and consisting chieflj* 
of staphylococci and diphtheroids. In addition, in aU the specimens 
were observed discrete or clumped, free or intraceUuIar, Gram-negative 
bacteria which closely resembled the special microorganism in mor- 
pholog}’’ (Fig. 9). An examination of sections of over twenty different 
folliciJar conjunctivae, stained by the Giemsa, Gram, or eosin-methyl- 
ene blue methods, yielded similar results (Figs. 10 and 11). The 
microorganism, however, was found in such material to be smaUer 
and often intraccUular. It is of interest that the bacteria were seen 
in section or film preparations that were derived from rabbits having 
cither the natural disease, or experimental foUiculosis induced by inocu- 
lation of the special bacterium and of conjunctival tissue. FinaUy, 
cellular inclusion bodies that are characteristicaUy assodated with the 
action of many ultramicroscopic \iruses were not observed. 

SUlQtARY AKD CONCLUSION'S 

Rcforc summarizing the e-xpcrimental results presented herewith, 
a brief redew is indicated of our study on follicular conjunctidlides 
c.xisting in the different spedes of animals thus far e.xamined. 

Spontaneous follicular conjunctidtis of monkeys and chimpanzees, 
which resembles the early, or follicular, stages of human trachoma, 
has been shown to be an infectious disease, and to arise from the action 
of a bacterium and not an ultramicroscopic drus (2, 10). A new 
spedes of organism, designated tentatively as Biclcrium sirr.ice. n.sp.. 
and capable of reproducing granular lids in normal monkeys and apes. 
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has been recovered from cultures of simian folliculosis tissues. This 
organism, although of a different species, is of the same genus as 
Bacterium granulosis which is associated with human trachoma (3). 

The studies were extended beyond folliculosis in monkeys and apes 
to a similar disease widespread among stock rabbits. Its clinical 
appearance and microscopic changes resemble the spontaneous malady 
in simians -with some minor differences (1). Like the latter, rabbit 
folliculosis was also shown to be infectious and contagious. 

In the present paper a bacteriological investigation of the rabbit 
affection is described. In the experiments undertaken we followed the 
method used by Noguchi in liis studies on trachoma, that is, the dif- 
ferent organisms recovered from normal and affected conjunctivae 
were inoculated into the conjunctivae of selected, quarantined rabbits. 

Among the bacteria thus isolated from folliculosis tissue a new 
species was disclosed that brought about conjunctival reactions appar- 
ently indistinguishable either from the disease seen in nature or from ■ 
the experimental infection induced by inoculation of folliculosis tissue. 
The organism was specifically active in rabbits whether injected sub- 
con junctivally or instilled into the conjunctival sac. Furthermore, 
the special bacterium has thus far been cultivated only from follicu- 
losis cases and not from other forms of conjunctivitis nor from normal 
tissues. Finally, specifically pathogenic strains of the identical 
microorganism have been recovered from rabbits experimentally 
infected with the bacterium. 

A distinctive feature of this bacterium is that it is of the same 
genus as the microorganisms heretofore designated as Bacterium granu- 
losis and Bacterium simiae. It is clearly evident then that the three 
bacteria cultivated to this time form a new genus, for which we propose 
the name Noguchia. The diagnosis of the genus has already been 
described in this paper, but as Avas also shown in a foregoing section, 
certain specific characters differentiate the three. Accordingly, 
suggest a change in the names of the granulosis and simiae species to 
the proposed binomials, Noguchia granulosis, n.sp., and Noguchia 
simiae, n.sp. The specific organism, having an evident causal rela- 
tionship to rabbit folliculosis, can therefore be placed in this classifica 
tion, with the name of Noguchia cuniculi, n.sp.^ 

* The classification of genus and species follows the recommendations of the 
Society of American Bacteriologists quoted by Bergey, D. H., in Manu.i o 
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In conclusion it would appear that in three types, at least, of fol- 
licular reactions in the conjunctiva~in man (the primarj^ lesion of 
trachoma consisting essentially of foUicles), in the simian, and in the 
rabbit — there is an intimate association of microorganisms ha\iiig 
the same generic, but different specific properties. 
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EXPL.^^ATION OF PLATES 
Plate 16 

Fig. 1. Gram's stain. Agar slant culture. XlOOO, 

Fig. 2. Casarcs-Gil stain, shov.*ing flagella; the staining fluid has thrown the 
structures to one side of the bacterium, XlOOO. 

Fig. 5. 4S hour growth on blood agar plate. Natural she. 

Fig. 4. Same colonies photographed by reflected light. XlO. 

Fig. 5. Same colonics photographed by transmitted hght. XlO. 

Fig. 6. Upper and lower coniuncti\’ae of rabbit inocubted with a culture of 
Xoguchia cuniculi. The characteristic folliculosis thus brought about should 
be compared with the condition seen in nature, as described and illustrated in the 
preceding paper (1), Natural size. 

Pl\te 17 

Fig. 7. Eosin and methylene blue slain. Conjuncti\*a obtained from a rabbit 
inocubted subconjuncli\'ally vrilh the microorganism. The induced lesions arc 

detenninauve bacteriology, and by Buchanan. R. E., in General systematic 
kacicriology. Ixjth publhhcd by Willbms k Wilkins Co.. Baltimore. 1925; also 
the CchIc of the Nomenclature Committee of the International Sodetv of Micro- 
biology (1Q50) quoted in Bergey’s Manual, as stated. 1934. 4th edition, p. 23. 
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identical with those found in the natural disease or the experimental infection 
caused bj' injection of affected tissue, as illustrated in Paper I (1). Xl22. 

Fig. 8. Eosin and methylene blue slain. Same as Fig. 7, Represents onl.v a 
part, about a third, of the entire follicle. X3QQ. 

Fig. 9. Giemsa slain. Film preparation of conjunctival grattage material 
obtained from a rabbit having spontaneous foUiculosis. Among miscellaneous 
microorganisms are seen bacteria with the morphology of Noguchia cutticuli. 
XlOOO. 

Fig. 10. Eosin and methylene blue stain. Tissue section of spontaneous 
conjunctival foUiculosis in a stock rabbit showing a clump of similar bacteria 
within a cell. XlOOO. 

Fig. 11. Same. X1500. 
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BACTERIOLOGICAL STUDIES ON AN EPIZOOTIC OF INTES* 
TINAL DISEASE IN SUCKLING AND 
NEWLY WUANED mCE 

By JEROME T. SYVERTON, H.D., and PETER K. OLITSEY, M,D. 

(From the Laboratories of The Rockefeller Institute for Medical RcsearcH) 
(Received for publication, June 15, 1934) 

In August, 1933, a spontaneous epizootic, vrith clinical signs of an 
acute intestinal affection, first appeared among the mice in the Rocke- 
feller Institute breeding stock.^ Previous epizootics caused by Sal- 
monella infection have occurred at the Institute and have been de- 
scribed by Flexner (1) and his associates, Lynch (2), Amoss (3, 4), 
Webster (5, 6), and Amoss and Haselbauer (7). The present affec- 
tion, however, was distinctive in its sharp limitation to suckling and 
newly weaned mice, as well as in difference in the stock affected, 
s^Tuptomatology, pathological changes, and in basic etiological origin. 
Epizootics similarly confined to the corresponding age group of ani- 
mals and comparable in some other respects to the outbreak studied 
by us have previously been described (8-14). 

For example, natural infection of hop with Salmonella suipcstifer is restricted 
to the ver>’ young, usually suckling or newly weaned shoats. “All authorities 
appear to apec that such infection docs not occur naturally except in ver>’ young 
subjects’* (S). \Micn older animals present similar SAmiptoms the disease Is 
usually the virus affection known as hog cholera or swine fever. The fact that 
there is an independent, but similar, affection due to Salmonella infection would 
support the early investiptions of Salmon and Theobald Smith (ISS5), and Welch 
(9) in their studies on hog cholera bacillus (S). 

In this paper we shall record the chnical and pathological appear- 
ance of the disease in mice, its cpizoolog>% and the results of bacterio- 
logical studies. 

*Thc mice raised in The Rockefeller Institute for experimental purposes 
consist of two strains: an albino strain inbred for 22 years, known as the Rocke- 
feller Institute strain, .and n strain of Swiss mice. The form.cr is bred and use^d in 
greater msml>ers thnn the Litter. 



386 


EPIZOOTIC INTESTINAL DISEASE IN YOUNG MICE 


Clinical Signs 

The malady was confined to suckling and newly weaned mice 7 to 24 days old. 
There was profuse diarrhea attended by apparent tenesmus and marked inanition. 
Loss of weight and tone was extremely rapid; complete prostration occurred within 
24 to /2 hours after the initial signs and death took place in about one-third of the 
animals affected. Obstipation and cessation of suckling sometimes supervened, 
leading to a dehydration that was almost uniforml}^ fatal. The obstipation was 
noted in about one-third of the mice. In the small number that recovered after 
showing this complication, necrosis of the tissues of the perianal region with 
sloughing frequently occurred. In the absence of obstipation, recovery was usually 
rapid and complete; after several da 3 ^s the recovered mice w^ere indistinguishable 
from unaffected litter mates. 

Pathology 

The gross lesions are limited largely to the intestinal tract and vSLvy from slight 
h>q>eremia to frank necrosis of the lower ileum and colon. The spleen is dark red 
and contracted; the h 3 ’'peremic tumefaction so frequent!}" seen in mouse t 3 "phoid 
is not present. On the other hand, in recovered mice tlie spleen ma}" show gross 
cicatrization. 

Microscopically, the most characteristic changes are found in the lower ileum 
and colon. The mucosa is infiltrated wdth pol 3 Tnorphonuclear and red cells; it 
may exhibit generalized ulceration. The mucosa is often found as a slough m 
the lumen of the gut. The lymphoid tissue is increased, wdth h 3 "pertroph 3 ’' of 
Peyer’s patches particular!}" marked. The involvement of the gut is generalized 
and is not restricted to circumscribed ulcerations. 

The spleen is hemorrhagic and contains man}" clasmatoc}"tes. The pulp cells 
show varying stages of necrosis. A diffuse, parench 3 matous degeneration of the 
liver occurs in varying degree, being somewhat more pronounced in the periportal 
areas. In marked cases there is a fatt}" degeneration of the liver parench}’ma 
associated with localized hemorrhages. Onl}" exceptional!}" does one observe 
focal necrosis of groups of liver cells. The kidneys reveal congestion and localize 
hemorrhages with early glomerular changes and granular degeneration of t ic 
tubular epithelial cells. An occasional, minute, focal hemorrhage is usual!}" foun 
in the brain and vnth this exception the organ appears unchanged. ^ 

In general the lesions consist of ulcerative enteritis; hemorrhagic and necro ic 
splenitis; fatty degeneration of the liver, and acute parenchymatous nephritis. 

Epizoology 

Epizoological observations were largely limited to the time 
which the experimental work was in progress. The caretakers o 
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breeding room, however, had kept a record of the number of infected 
mice discarded prior to the time our investigations began, thus ena- 
bling us to estimate closely the number of animals affected. 

The disease, as previously mentioned, was confined to infant mice, 7 to 24 
days old. It quiddy spread in sporadic outbursts throughout the entire colony, 
with a somewhat higher morbidity among the Swiss than the Institute strain. 
From 15 to 100 per cent of an individual litter would become sick; the average 
morbidity approximated 75 per cent, and of these 60 per cent died. In any cage 
litter mates that did not show signs of the illness within the first 48 hours after 
onset would invariably maintain their resistance completely. Their sleek, healthy, 
general appearance and activity were in striking contrast to those of their sick or 
recovering siblings. 

The epizoological curv^e in this disease was directly comparable to 
that described by Lynch (2). The peak w^as in September, at which 
time the case incidence reached 35 per cent of an infant population of 
4,000. Following this, the incidence gradually receded to a low 
point in December and Januarj^ at wluch time 11 per cent of 2,900 
w’ere ill, A secondary rise in February to 35 per cent of 3,800 infant 
mice w’as then obser\'’ed with a subsequent abatement that is again 
approaching the prc\ious low' level at the time of writing. The 
occurrence of the two points of highest case incidence, namely, Sep- 
tember and Februar)', corresponds to those found by Pritchett (15) 
in her studies on the seasonal variation in the susceptibility' of five 
strains of mice to infection per os with B. pesUs caviac^ a causal agent 
of mouse typhoid. 


Preliminary Investigations 

Investigations w'crc first undertaken to determine possible etiological 
factors. 

/^tV/.—Thc routine diet used in the mouse room throughout the past 15 vears 
consists of n tcaspoonful of stale white bread soaked in fresh, pasicurircd, Grade B 
milk for each mouse daily, and is supplemented by a mixture of equal parts of 
oatmeal and buckwheat twice a week and by dog biscuit once a week. Substitutes 
for the \'arious comt-oncnis of this diet, as well as substitutions of entirely diiTcrent 
diets under well controlled conditions, were without cfTcct in reducing the inddcncc 
of the disea.*^, except in one particular, the details of which follow. 
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The extent of the morbidity and mortality was found to be depen- 
dent to a greater or less degree on the amount of water imbibed by 
pregnant females. This is illustrated by the following protocol. 



No. of pregnant 
mice 

No. of mothers 
showing infected 
litters 

No. of young 
a0cctcd 

No. of affected 
young that died 

Given water with diet ... . 

B 

5 

14 

20 

1 

11 

Without water 

(3 




On the other hand, the epizootic continued when water was plenti- 
fully supplied to nursing mothers, so that the absence of tliis factor 
can be considered only as contributing to the gravity of the disease. 

Coftiacl Infection, — ^The infectious nature of the disease was determined by 
contact experiments in which sick mice were placed among normal, quarantined 
mice.^ In four such experiments, in which 24 normal mice were used, 30 per cent 
of them developed the characteristic enteritis. Thus the resultant morbidit}’' in 
the individual litters approximated that found in the epizootic as it occurred in 
the breeding room. 


Vims , — virus as the cause was eliminated as follows: 


Repeated filtration tests were made : the filtrates of viscera, brain, and intestinal 
contents, as well as emulsions of spleen, liver, and brain subsequent!}'' found to be 
bacteriologically sterile were inoculated by intraperitoneal, intracerebral, sub- 
cutaneous, and intramuscular routes without apparent effect. Furthermore, 
there was an absence, in especiaU}'' prepared and stained sections of affected tissue, 
of specific cytotropism or inclusion bodies, such as are commonly encountered m 
many ultramicroscopic diseases. 

Protozoa , — Repeated stool examinations and a study of pathological sections of 
the intestines and liver excluded a protozoal infection. 

Bacteriological studies now became more promising and it is to this 
aspect of the problem that the remainder of this paper will be devoted. 


2 We are indebted to Dr. L. Whitman of the RockefeUer Foundation for his 
helpful suggestions as concerns this e.xperiment. 

^ Impregnated Swiss females were obtained from an outside source and 'cp 
rigid isolation in a room apart from those used for experimentation. T 
their offspring were employed in this and in the other experiments to be desen 
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Bacteriological Methods 

Heart’s blood, emulsions of spleen, liver, kidney, and brain, and contents of 
the different divisions of the large and small gut vrexe used as the inocula for bac- 
teriological cultures. The media emploj’ed consisted of blood agar and Endo 
plates, a modification (16) of the leptospira media of Noguchi, and hormone broth. 

Results of Cultivatim Tests 

Twenty-sk mice sho\vdng typical signs of infection were used for 
cultivation purposes. From tvrenty, or 77 per cent, of these an or- 
ganism was recovered the major characteristics of which definitely 
place it in the genus Salmonella. This organism was isolated from 
the intestine in every instance, and also from the heart's blood on three 
occasions, and the liver and spleen, respectively, on four occasions. 
No other species of organism was recovered from the liver, spleen, or 
heart's blood. 

The number of colonies on Endo plates was highly variable, ranging 
from one to two on several plates inoculated with material from the 
same mouse to almost pure cultures. It was observed that the colonies 
were more munerous and predominated over those of other bacteria 
at the height of the epizootic. 

Similar cultivation tests carried out on mothers of infected litters, 
including the mammarj’' glands and e.vcreta, jdelded entirel}' negative 
results. 

Dcscripiioyi of the Mi€roorganis77i Recovered 

Morphology and Staining Rcaciiojis . — It is a non-sporc-formiug, small badllus 
1 to in length and 0.4 p to 0.7 $i in diameter. It is readily stained, Gram-nega- 
tive, and although it usually appears discrete it may be seen in ver>- short chains. 

Grcnt th Characteristics . — A \’ariely of media readily supports its grovrth. Plain 
broth and agar slants, pH 7.4, show an abundant gro^^th in IS hours. Gelatin is 
not liquefied. Indol is formed. There is slight addification but no coagulation 
of litmus milk. Nitrates arc reduced to nitrites. 

In carbohydrate broth no acid or gas is formed in lactose, saccharose, rafnnose, 
inulin, salidn. dextrin, amygdalin, or inositol. Add and gas arc formed in glucose, 
Icvulosc, mannose, galactose, arabinose, rhamnosc, maltose, xxdose, trehalose, and 
sorbitol. The reactions in mannitol and dulcitol were slightly irregular with only 
an exception.!! ailturc not forming acid and gas. Like other Salmonella, the 
ft'ccLil organism prcviuccs no clouding of lactose broth in the dosed branch o: the 
fermentation tube dedsed by Tr.eobald Smith. Tnc hydrogen sulfide and the 
VogcS'Proslaucr reactions are negative. 
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litefuf ilmZ Ihteecn T? “ -Esl-ttaalion 

atrata'^ccovcre/^L^aU a ® 

but did conform in resnect to <;>mnr ^ ^ agglutination titer 

litmus milk Such serolorrlr-ii of indol, and effect on 

Sataoncua inte“S 71^8 ” “““ 

variant organism qhnwprt )’.• ’ •’ ^ ’ ^"l^^sera prepared from the 

bacterium agslutmation in a dilution ot 1:80 with the type 

of « relSmte ~ f™" 

five 1 -80 four 1 -an V , an agglutination titer of 1 :640, tliree 1 :160, 

atoted in ,h7 r„ P ■'“"'aso of recovered mice. AggluUnins were aiao demon- 

of twete mve a r r° P“ “f''"''. “ fhaf •'"o out 

Ot twelve gave agglutination m titers of 1 :40 and 1 :320. 

tined miVp^" ^SSl^^^lnins were not present in serum from normal quaran- 

serunl agglutination.^ As a further control, a duplicate 

aerlrZh^ t3fphoid organism, M.T. II (20) or Salmonella 

frol 97 ’ enUrely negative results tvere obtained with indixudual sera 

recovered mice, and from seven mothers having infected litters. 


comparison with results obtained by other investigators in the 
^ouse typhoid epizootics is of interest. For example, Amoss 
C ) ound that 22 of 56 survivors showed complete agglutination vatli 
d vionella aertrycke cultures in 1 : 40 to 1 : 160 dilutions of serum. In 
one of Webster s experiments (21) in which 100 mice were artificially 
infected with B. pestis cavtae seven of 26 survivors revealed agglutina- 
tion with the homologous organism. Topley and Ayrton (22) and 
Topley, Ayrton, and Lewis (23) reported agglutinins in six of 68 in 
one series of induced infections and in seven of 55 in another. Hence the 
incidence of agglutinins was less than in the case of Amoss and greater 
than in that of the other investigators mentioned. 


Experiments on Pathogenicity 

Subcutaneous and Iniraperitoneal InociilaiionJ^ — In determining the pathogen!- 
cit}^ of the recovered organism a preliminary experiment demonstrated that, vnth a 
saline suspension of an 18 hour agar slant growth, 100 million organisms were 
uniformly fatal when injected intraperitoneally or subcutaneously into infant 


^ We are indebted to Dr. L. T. Webster for several samples of normal mouse 
serum. 

® Ether anesthesia was used for all operative procedures. 
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mice, all of 24 dymg within 48 hours. In titration of a similar preparation, 10,000 
bacteria were found to kill, whereas 1,000 organisms produced a non-fatal enteritis. 
The induced experimental disease showed pathological changes indistinguishable 
from the natural affection. The organism was again recovered from the heart’s 
blood, liver, and spleen of artificially infected mice in every instance. 

Intraperitoneal administration of the same organism to ten recovered mice in 
the massive dose of 150 million organisms resulted in the death of only four, or 
40 per cent. The disease was more protracted with death ensuing after as long 
as 15 days. Apparently a relative immunity to the microorganism had been 
acquired as result of a previous attack of the disease. 

Ingesiion of Organisms , — Characteristic experimental enteritis could be repro- 
duced in infant mice by intraoral administration of cultures of the bacterium. 
Thus four of twelve animak receiving orally the cultures once on each of 3 con- 
secutive days became affected. 

Effects on Adult Mice , — Only relatively massive doses, that is, from 100 to 300 
million organisms, induced fatal enteritis on intraperitoneal injection into adult 
mice. A smaller number of bacteria apparently was ineffective. It is probable 
that, inasmuch as the twenty mice employed for this test were obtained from the 
breeding room, they had been previously exposed to the infection. As already' 
stated, rccoverv' from the disease induces resistance to the effects of a later inocula- 
tion of the organism. 

WTicn the cultures were introduced intraorally by means of a s>Tingc fitted with 
a blunt needle into four quarantined mothers, seven of twenty in the litters they 
were then suckling developed the non-lcthal experimental disease. As a control, 
two mothers were treated similarly with paracolon badlli with no evndencc of 
illness in their litters; wbercas two mothers given Salmonella acrlryckc cultures per 
os showed in their litters of twelve young, characteristic mouse tvq>hoid in all of 
them with a mortality of SO per cent. 

Possible Toxin Production , — Intraperitoneal inoculation of 0.5 cc. of a Seitz 
filtrate of a 48 hour broth culture resulted in nondethal enteritis in two of seven 
infant mice. Since the filtrate was free from microorganisms there is a possibility 
that the bacterium produces a toxin, but this substance is cither weak or small in 
amount. 

The pathogenicity of the organism is of a lower grade than that of 
the cr.lcrilidis-arrlryckc or mouse t\*phoid organisms (24, 25). This 
is substantiated by the apparent insusceptibility of adult mice, the 
lower mortality and morbidity among artificially infected young mice, 
and the low power of invasion in the natural disease. Infection 
with a mouse t\-phoid organism is followed by a septicemia that 
results in macroscopic changes in the liver and spleen with the infecting 
organism readily recoverable from these organs. In this epizootic h 
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was exceptional to recover the organism from the blood, liver, and 
spleen in the natural infection. 


Carriers 

The production of the disease in infant mice followng intraoral 
administration of the bacterial cultures to mothers led us to consider 
the possibility of conve3’^ance of infection by way of the mother’s milk. 
However, in six experiments we failed to recover the organism from 
the milk. 

In the first three recovered mice which were cultured, the Salmo- 
nella organism was obtained in each instance from intestinal contents. 
Hence one may infer that carriers exist and that the source of infection 
is in fecal, rather than milk, contamination. 

DISCUSSION AND SUMMARY 

It is now quite general^ conceded that the presence in animals of 
bacteria of Salmonella t3^pe is indicative of an active, or potentially 
active, pathogenic agent (26). In the present instance bacteriological 
studies of the organs of acutely ill infant mice revealed tire presence 
of one of the Salmonella group. It showed itself to be sucli b3’^ an 
absence of fermentation of lactose and saccharose, by other cultural 
reactions, and b3'’ cross-agglutination ■svitli certain members of the 
Salmonella group in very low dilutions of their antisera.® However, 
the bacterium cannot be included in any of tlie known species of tlie 
group because of its indol-forming properties, differences in carbo- 
hydrate reactions, and specific serological reactions. Its presence in 
affected mice, growth on artificial media, ability to cause tlie disease 
following enteral and parenteral inoculations, and the fact that it can 
be recovered from artificially infected mice fulfill the postulates of 
Koch. Furthermore, agglutinins are present in the blood of recov- 
ered mice and not in that of normal animals, and recovery of mice 

® The organisms Salmonella enteniidis Gaertner, acrlrycke (two strains), 
paratyphi, schoUmiilleri Seiffert (two strains), and suipcsiifcr; and Ebcrlhella 
Shigella dyseitleriac Shiga, and paradysenteriae, variety Flexner, were used in 
preparation of antisera. With the organism recovered in our studies cross-agg u- 
tination was present in titers not exceeding 1 : 200 only in the case of Salmoue 
enteritidis, aertryckc, schoUmiilleri Seiffert, and suipeslifcr antisera. 
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from natural infection evokes an apparent resistance against the 
special recovered Salmonella bacterium. T^e organism v^ould appear 
to fall in the Astalicus division of the genus, as designated by Castellani 
and Chalmers (27). 

CONCLUSION 

A study is herevrith reported of an epizootic limited in its occurrence 
to suckling and newly weaned mice. The primarj^ causal agent ap- 
pears to be a bacterium of Salmonella tj’pe. 
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THE METABOLISM OF COPPER AND IRON IN SPLENEC- 
TOMIZED RATS FREE FROM BARTONELLA 
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In previous studies it vras found that the chemical changes in the 
blood of splenectomized rats suffering from Bartonella muris anemia 
consist of an increase in the total fats and fatty adds, a drop in ledthin 
and total cholesterol, a rise in blood chloride concentration, a moderate 
addosis, and a variable drop in blood sugar. The liver glycogen is 
almost depleted. These changes are attributable either to the severity 
of the anemia or to the infection. Blood chemistry studies on splenec- 
tomized rats that vrere not carriers of Bartonella muris and in vrhich 
no infection or anemia occurred revealed no significant dedation from 
the normal. Splenectomy in the rat free from Bartonella muris 
infection has no effect on metabolism that is demonstrable in the usual 
chemical analj’ses of the blood. 

The present studies were undertaken in order to determine the effect 
of splenectomy on the metabolism of copper and iron in the rat free 
from latent Bartonella muris infection. 

A relationship between the function of the spleen and the utilization 
of copper in the body was suggested by the experiments of Perla and 
Marmorston-Gottesman, and Perla, who observed the protective 
effect of an excess of copper in the diet on the natural resistance of 
albino rats to Bartonella v:uris anemia (1), Trypanosoma Irsisi (2) and 
Trypanosoma equiperdum (3) infections. These diseases severely 
injure the spleen. In tlic case of Barionella muris anemia a specific 
protective function of the spleen has been established (4). These 
studies suggested that the utilization of copper in the body may be 
dependent on splenic function. Further, it was found that in Trypan- 
osome equiperdum infection of albino rats there ^vas a striking decrease 
in the concentration of copper in the spleen vrith no change in its con- 

:os 
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metabolism in splenectomized il\ts 


was 


markedl^iicrltse^CS). ^‘^tention in the liver, however, 

lisI^Tr™ his b!™ ‘“•rV’'' ‘0 tten.etabo. 

and Haam (6) and K ^ renewed in the monograph of Lauda 

ana naam (6), and by Wilson and Krumbhaar (7). 

die mctabols f ™ 

of the guinea ofe contains mn ■ ® ‘hat tile liver of the rabbit and 

a.eorinso,?ri;aSr'TevTerm^ 

in the liver of rnLLiVc a • allier {9), however, found no increase in iron 

aerleVof ilbbto ^ P'*" « "•'■‘ts following splenectomy. In a 

1 to S we£ a ; ' 1 “,“'?“" P' ‘ho hver at int rvals of 

concentotln If b T ‘a' ^P''“ “emonstmte any increase in iron 

guinea nigs aften ^ according to Lauda (6), He observed, however, that in 
liver seemed inr interval of 3 or 4 weeks the iron content of the 

and others T a T'm 1 , observations were made by Asher, Cheralller, 

animal in whirh ^ smee the guinea pig was the onh^ laboraton^ 

soT elt^n 1 f splenectomy, 

noTreZr^T" responsible for tlie increase, and that this did 

found in • disturbance in splenic function. Asher and Tominaga (10) 

tZ. K T"?if of rats following splenec- 
Tniirl' ^ oubtedly w'as associated with Bartonella inuris anemia. 

Eauda observed no increase in the concentration of iron in the liver of splenec- 
tomized mice, nor in splenectomized doves. 

In studies on rabbits, dogs, guinea pigs, and rats, Asher and his associates (11) 

1 ^ ^ permanent increase in iron elimination after removal of the 

sp een. ^ ey believe that partial compensation for the loss of the splenic store- 
ouse o iron was demonstrated by an increase in the iron content of tlie liver after 
sp enectoll^^ In their opinion the spleen acts to prevent loss of iron from the 
bocty and therefore plays a principal r61e in the metabolism of iron. 

earce and Krumbhaar and tlieir associates (12) were unable to demonstrate a 
constant increase in the iron output following splenectomy in dogs. In those 
instances in which there was a significant increase in the elimination of iron in a 
sp enectomized animal, it was associated with a marked secondar}'' anemia. The 
exact reason for the anemia they were unable to determine. Wilson and Krum- 
aar (7) estimated the iron balance in six dogs before and after splenec tom}". In 
two intact dogs and in five dogs before and after control operative procedures 
other than splenectomy, the iron balance was found to be positive in the intact 
controls and in three of the operated controls, while a negative balance occurred 
in two of the operated controls which, however, had dev'eloped a mild postopera- 
tive anemia. Of the sLx splenectomized dogs, five showed an increased elimina- 
tion of iron after splenectom}". This coincided with the period of developing 
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anemia. The authors suggested that, though the post-splenectomy anemia might 
have been the cause of the negative balance, splenectomy removed an iron depot 
and that the loss of iron thus produced vras the cause of the anemia. 

These investigators failed to stress the presence of latent Bartonella cams 
infection in the dog, a disease which often becomes manKest, following removal 
of the spleen, and is associated with a prolonged anemia (Kikuth (13)). 

From a critical analysis of the literature Lauda concluded that there is insuffi- 
cient proof that the spleen plays any role in the metabolism of iron or in hemo- 
globin formation. 

Methods 

In our experiments, twelve male and female albino rats, free from Bartonella 
muris infection, were used. They were all 3 to 4 months of age and of approxi- 
mately similar weights. The rats were kept in metabolism cages constructed with 
false bottoms so that the animals had no access to their feces. The cage rested 
on a funnel, the opening of which was covered with glass wool saturated with 
toluene and the stem of which fitted tightly into the neck of the collection bottle. 
Three rats were kept in a single cage. The diet consisted of purina in small 
checkers, and coppcr-frce water which was supplied through drop bottles fitted 
with glass nozzles. Copper-free water was used throughout for washing eveiy- 
thing that came in contact with the rats, as well as all the glassware used for the 
chemical determinations. 

The urine and feces in each cage were collected twice a week. The urine was 
analyzed for uric acid (Benedict and Franke (14)), creatine and creatinine (Folin’s 
microchcmical modification (15)), total nitrogen (Kjeldahl), and copper fMc- 
Farlane (16)). The feces as well as the purina cubes were analyzed for total 
nitrogen (Kjeldahl), copper (^fcFarlanc), and iron (modified Elvehjem and Hart 
method (17)). The elimination of iron in the urine is insignificant and was there- 
fore disregarded. 

Tlic nitrogen metabolism and the metabolism of copper and iron were studied in 
the rats during a control period of S weeks prior to splenectomy and during 7 
weeks after splenectomy. No differences in the results vrerc noted in the males 
and females. 

yUrogen MdiihoUsm in Splcncciomizcd Rais Free from BarloticUa vuiris 

Infection 

I he splcncciomizcd rats remained apparently well and showed no 
cxndcncc of anemia. The nitrogen mctalx)li 5 m remained unchanged 
until 3 weeks after splenectomy. Following this there was an in- 
creased retention of total nitrogen with a decreased excretion of nitro- 
gen in urine and feces. The creatinine and creatine remained strik- 
ingly constant throughout the cx]:^erimcrital period. The uric add 
remained practically unchanged (see Table I). 
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Iron Mclaholisni in Splcncctotnizcd Albino Rats Free from Bartonella 

inuris Infection 

Followang splenectomy there was an increased retention of iron 
during a period of 4 to 6 weeks after the operation. Then a drop 


TABLE I 

Nitrogen Metabolism in Normal and Spicnccloinizcd Rats Free front Bartonella 

inuris Infection 


Daily average per rat 
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Urine 
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* Jan. 23, splenectomized. 


occurred and the iron retention decreased to the level observed before 
splenectomy. This was unassociated vdth any evidence of liemo- 
globin destruction. 
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Copper Metabolism in Splenecioinized Rats Free from Bartonella muris 

Injection 

From Table 11 it is evident that a disturbance in tbe copper metabo- 
lism occurred, following removal of the spleen. For a period of 2 
weeks follovdng splenectomy the copper balance remained positive 

TABLE n 


Copper and Iron MelaboUsm in Normal and Splenectomized Rats Free from 
Bartonella miiris Infection 


Date 

Da3y average per rat 

Cu 

Fe 

Urine 

Feces 
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Intake 

Retention 

Feces 

Intake 

Reten- 

tion 
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-h0.163 

Dec. 12-18 

0 0052 

0.10611 

0.1113 

0.1383 

0.0270 

1.789 

1.843 

-f-0.054 

Dec. 19-25 

0.0054 



0.1411 

0,0302 

1.705 

1.882 

4-0.177 

im-34 









Dec. 2G-Jan. 1 




0.1383 



1.843 

+0.041 

1954 









Jan. 2-8 


0.1115 

0.1178 

0.1383 


1.835 


-0.035 

Jan. 9-15 


0.1099 

0,1162 



1.663 

1.755 


Jan. 16-22 

GB 

0 0978 

0.1045 

0,1411 

0.0366 

1.674 

1.774 

+0.100 

•Jan. 25-29 

O.OOGO 

o.nio 

0.1176 

0.1397 

0.0221 

1.437 

1.756 

+0.319 

Jan. 50-Fcb, 5 

0 0074 

0.0965 

0.1039 

0.1397 

0.035S 

1.347 

1.756 

+0.409 

Feb. C>-12 

0 0057 

0 1437 

0, 1494 

0.1411 

-O.OOS3 

1.613 

1.774 

+0.161 

Feb. 13-19 

0 0065 

0 1440 

0.1505 

0.1425 

-O.OOSO 

1.3S2 

1.792 

+0.410 

Feb. 20-26 

0.005S 

0.1335 

0.1391 

0,1411 

4-0.0020^ 1.660 

1 . 774 

+0.114 

Feb. 27-Mar. 5 

0 0051 

0 142C 

0 1471 

0.1411 

'-0 0060 1.610 

1 . 774 

+0.164 

Mar. 6-12 

0 003C 

0.1413j 0 1463 

0.1425 

^-0.003S 1.734 

1.792 

+0.058 


* Jan. 23, splenectomized. 


and the rolcnlion was the same as in the normal rats during the pre- 
operative period. Then c.xcrction of copper in the feces increased 
and a negative copper balance resulted which persisted during the 
remainder of the c.vperimcntal period. Xo change in the elimination 
o{ coj^per in the urine \vas noted. 
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discussion 

Bartmdh carrier splenectomized rats of 

tafccZ anf Bancda 

spl en t“ fT“r'‘ «"= ''=“»val of the 

nCal cr„Ltttta ifth r.*" fro“ 

of the snleen in II * ^ blood constituents occurred. Removal 

and in which no 

Cease^il ^ ^ weeks after operation, "he 

Sv iltr H ? with a tran- 

persists of but the negative copper balance 

P sts. h,o disturbance in nitrogen metabolism occurs. 

is diffirnU 1 relationship in the metabolism of copper and iron 
of rafr f but bears some resemblance to tie relation 

of calcium and phosphorus metabolism. 

• , variability in results of experiments on the metabolism of iron 

Hni ^^^^ODDzed animals, found by previous investigators, was 

mo ’f j- presence of latent infections tliat became 

1 es o owing the removal of the spleen. The complicating 
emia t lat was observed in dogs and rats was due to infection and not 
o an inter erence with hemoglobin formation resulting from removal 
e sp een. (For a discussion of the spleen and latent infection, see 
e mono^aph of Perla and hlarmorston.^) Many species of dogs are 

cams (Edkuth (13), Perard (19), Regendanz 
(. );, an under certain conditions an anemia develops following 
splenectomy due to a flare-up of the Bariouella ca 7 iis infection. 

ost species of rats are carriers of Bartonella inuris, and splenec- 
tomy is followed by an active infection associated Avith a fatal anemia. 

ice are carriers of eperythrozoon coccoides and Bartonella muris 
1 ections that become active following splenectomy (Scliilling (21), 
j lot and Ford (22), and Marmorston (23)). Marmorston observed 
t lat a third latent infection in the mouse, Klossiclla inuris of the 
"idney, was unfavorabty influenced by splenectomy. Splenectomy 
in cattle, horses, and sheep results in activation of latent piro- 

Perla, D., and Marmorston, J., Relation of the spleen to resistance, to be 
pubhshed. 
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plasmidae diseases often associated with severe anemia and death (24). 
Further studies on the effects of splenectomy on metabolism can be 
reliable only if the presence of latent infections has been rigidly 
excluded. 

From our experiments, therefore, it seems justifiable to conclude 
that the disturbance in the copper and iron metabolism noted in the 
anlmak following splenectomy is due to the removal of the cells of 
this organ and not to any known extraneous factor. 

No disturbance in copper metabolism was noted for a period of 2 
weeks after removal of the spleen. It is possible that some substance 
elaborated by the spleen and essential for the utilization of copper is 
stored elsewhere in the body and that this supply is exhausted after 
a period of 2 weeks. 


SUMMARY AND CONCLUSIONS 

Removal of the spleen in albino rats free from Bartondla muris 
infection is followed by an increased elimination of copper in the feces, 
which commences 2 weeks after splenectomy. This is associated 
with a persistent negative copper balance. 

An increased retention of iron occurs during a period of 4 to 6 weeks 
after splenectomy with a return of the iron metabolism to normal after 
this period. 

No disturbance in creatine or creatinine metabolism occtus. The 
uric acid amount is unchanged. There is an increase in the retention 
of nitrogen, which is first noted 3 weeks after splenectomy. 

The spleen is essential for the utilization of copper in the body. 
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or types, A and B; they failed to confirm Bordet’s conclusions referred 
to above. From inspection of the data presented by these workers, 
it seems probable that their two types represent subvarieties of old 
stock cultures. Leslie and Gardner (7), who have recently restudied 
the problem, conclude that H. pertussis is a uniform species vithout 
fixed types when first isolated, but after subculture upon various labo^ 
ratory media, it passes tlirough a series of antigenic stages which tliey 
have called Phases I, II, III, and W. Lawson (8) has been able to 
confirm their work in general but was never able to obtain their 
Phase II. It is not impossible that this phase exists, although we have 
never noted it, and that it may represent an intermediate transition 
form between freshly isolated strains and older stock variants. 

From the findings to be reported below, it seems certain, as first 
suggested by Leslie and Gardner, that recently isolated strains (Phase 
I) correspond to the virulent or S forms and that the antigenically 
different stock strains (Phases III and IV) are the same as tlie aviru- 
lent or R variants of other bacteria. Hereafter, therefore, both for 
purposes of convenience and in conformity ^vith current nomenclature, 
the two forms will be referred to as S and R forms. It should follow 
from this that the freshly isolated form of H. pertussis (S) represents 
the pathogenic phase. On this assumption transmission experiments 
have been commenced in an effort to produce whooping cough in apes 
with the S form. To eliminate the possibility of there being a virus 
component in the inoculum, we have maintained the organism in the 
S phase, by methods to be referred to below, for several months before 
attempting transmission experiments.^ "While so engaged, we have 
undertaken detailed studies of the S phase in order to estabhsh unmis- 
takable criteria for its identification and for its differentiation from 
R forms. For this purpose observations have been made upon the 
cultural, morphological, toxic, serological, electrophoretic, and iso- 
electric properties of all strains studied. It is witli a consideration of 
these findings that the present communication is cluefly concerned. 

^ In a preliminary communication (4) we have reported what we believe to 
be the successful transmission of whooping cough by means of this theoretically 
virus-free pathogenic S form and unsuccessful transmission witli the R form in 
chimpanzees. The S form had been subculturcd more than 60 times over a 
period of 8 months. 
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Methods 

Makrials.—Vi'e have studied 98 strains of H. periiissis, FifU'-ninevrere fresHy 
isolated strains and vrere obtained from the foIloTring sources: Cleveland strains, 
12 from Dr. Toomey of the Cleveland Cit>" Hospital and 30, isolated by us, mainly 
from cases of vrhooping cough in Dr. Gerstenberger’s Pediatric Clinic of the Lake- 
side Hospital Out-Patient Department; Boston strains, 4, from Dr. G. IM. Lavrson 
and Dr. Hans Zinsser of The Harv'ard Medical School; Chicago strains, 3, from 
Dr. L. W. Sauer of the Evanston Hospital; Albany strains, 3, from Dr. A. B. 
Wadsworth of the New York State Board of Health; California strains, 3, from 
Dr. A. P. Krueger of the Universit}" of California; and Danish strains, 3, sent us 
by Dr. J. J. ^filler who at the time was associated with the Statens Serum Insti- 
tute in Copenhagen, Thirty-nine strains were laboratory' stock cultures. Nine- 
teen of these of widely scattered origin, including an original Bordet strain, were 
kindly sent to us by Dr. Toomey. The remaining 20 came from: New York, 2 
(Dr. Park); Albany, 3 (Dr. Wadsworth); Boston, 2 (Dr. Lawson); and 13 were 
derived from our own freshly isolated strains. 

Cultural Methods . — ^For the isolation of H. pertussis from active cases of whoop- 
ing cough, the cough plate method of Chie^dtz and Clever (9) was used.* For 
cough plates and for cultivating freshly isolated strains, the Bordet-Gengou 
potato-glyccrin-blood agar medium used was essentially that recommended by 
Lawson and Mueller (10) except that sterilization was done by autoclave with 
15 pounds of pressure at 121®C. for 20 minutes instead of by the Arnold sterilizer. 
Defibrinatcd or dtrated human blood, either placental or obtained by venepunc- 
ture, was used in 25 to 35 per cent concentration. Plates were always poured 
freshly vrilh blood usually less than 5 days old and never more than 1 week old. 
Plates, slants, and Blake bottles were poured thick. Old stock cultures vrere 
grown on chocolate blood (5 to 10 per cent), glycerin, agar (1.5 per cent) medium. 

Mcrpholo^kal Studies . — Colonics were examined under the Zeiss colony micro- 
scope n-ith both oblique and indirect illumination using magnin cation X 20. 
Smears were studied vath Gram stains. For capsular studies, WrighPs stain 
diluted 2:1 with glycerin, as recommended by Lawson (S) was used. 

Dcicnninaliort of Toxicity . — ^This was determined on rabbits by intradermal 
injection using Bcrkcfcld filtrates of the organisms and on guinea pigs by the 
intraperitoncal method used by I^Iic and Gardner (7). 

Methods of — Agglutinating sera vrcrc prepared by intravenous 

injection of rabbits with vashed organisms resuspended in formalized (0.2 per 
rent) normal salt solution. Titers ranged from 1 :2,000 to 1 :20XO0. 

* Forty. two attempts in all were made to recover the organism, Tcc day of 
ibc disease ranged from the 2r.d to the 2Sth. In cases seen during the 1st week 
the numl>cr of positive phtes was 100 per cent (6 cases), in the 2r.d week lOO p<r 
cent (10 case5)» in the 3rd week 59 cent (22 casesk and in the Alh week 50 j<rr 
cent (A cases), an aNtrage of 76 j^cr cent for all cases. 
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All agglutination tests were done macroscopicall}'. Organisms were washed 
twice with distilled water and resuspended in formalized saline in a concentration 
of 2 billion per cc. before addition to serum dilutions. When cultures were granu- 
gtycocoll-sodium phosphate-sodium acetate buffer solutions (11) at pH 7.0 
were substituted for the saline (12). Readings were made after 18 hours incu- 
bation at 37°C. Incubation at 5'6°C. occasionally resulted in the appearance 
of an inhibition zone (13) and was discontinued accordingly. 

Absorption of Agglutinin . — Organisms were treated as for agglutination. The 
absorbing dose was the growth obtained from 6 to 8 Blake bottles. Serum dilu- 
tions used ranged from 1:10 to 1:100 depending upon the agglutinative titer of 
the serum tested. Serum-bacteria mixtures were incubated for 3 hours at 37'’C. 
and were placed in the ice box overnight. Reciprocal absorption as recommended 
by Krumwiede, Cooper, and Provost (14) was carried out in all cases. 

Measurement of Potential . — Cataphoretic migration velocities were determined 
by means of the Northrop-Kunitz microcataphoretic apparatus (IS) and are 
reported in terms of microns/second/volt/centimeter. Before making readings, 
the bacteria were washed 3 times with distilled water and were then suspended 
in glycocoll-sodium phosphate-sodium acetate buffer at pH 7.0, molar concen- 
tration 1 : 100. For determination of isoelectric points, the same buffer solution 
at varying pH’s in molar concentration of 1 : 25 was used. 

RESULTS 

Before proceeding to a detailed consideration of our experimental 
findings, a brief account of the transition from the S forms of E. 
pertussis to the R dissociants is in order. When first isolated upon 
Bordet-Gengou medium cough plates, we have found the organism to 
be a small Gram-negative coccobacillus which agglutinates to full 
titer with sera prepared with freshly isolated, or S strains, agglutinates 
in ver}'- low dilution or not at all with anti-R sera and is incapable of 
growth upon chocolate agar. After continued subculture upon 
Bordet-Gengou medium, it begins first to grow scantily and later more 
luxuriantly upon the coagulated blood medium. When tliis stage is 
reached, the organism more than doubles its cataphoretic migration 
velocity and will agglutinate with R sera. While in transition, 
cataphoretic studies show organisms moving at both tlie slow rate of S 
and the more rapid rate of R forms. The latter probably represent 
the developing R variants. Eventually, as growth becomes more 
luxuriant on the chocolate agar, the S form drops out and the fully 
developed R form is established. When this is accomplished the 
organism is no longer ovoid but is a long, thin bacillus and no longer 
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agglutinates witli S sera. With this brief summary, we may pass on 
to a detailed consideration of the recently isolated S form and to a 
discussion of its essential differences from R forms. 

Cultural Differences between S and R Strains. — ^When a positive 
cough plate from a case of whooping cough is examined imder the 
colony scope at the end of 24 hours, typical colonies of E. pertussis 
appear as minute, shiny, grejnsh white, opaque, dome-shaped or 
pyramidal pin-points. They are quite distinctive and are readily dif- 
ferentiated from the colonies of other organisms, including H. influ- 
enzae (16), appearing upon the plate. After 48 to 72 hours incubation, 
they are fully developed and take on the character of a domed, glisten- 
ing half-pearl, measuring 1 to 2 mm. in diameter. The edge is quite 
smooth, although occasionally if the medixim is dried out, there may 
be fine stippling. Larger colonies, due to piled up growth, may take 
on a moist, glossj’’, pearly white appearance. By 48 to 72 Hours most 
colonies will be surrounded by a small though definite zone of hemoly- 
sis. On subculture, if growth is heavily streaked, the hemolysis is 
much more conspicuous. R forms on Bordet or chocolate agar 
media grow more rapidly and present a flatter, less compact appear- 
ance. Their color is a dull or dirty grey rather than pearly grey. 
They arc not glossy. Although their outline is not grossly rough as is 
the case for example, with R pneumococci, it lacks the sharp definite- 
ness of contour of S forms. The zone of hemolysis so typical of S 
strains is not present around R forms. 

A characteristic difference between S and R forms is found in their 
behavior in saline suspension. S strains are always readily emulsified 
wlicn taken off solid media and are stable. R forms at times, however, 
emulsify with difficulty and not infrequently are granular; on occasion, 
they may be so unstable in suspension as to make agglutination tests, 
even in buffer solution, practically impossible. This instability in 
suspension is frequently a characteristic of the R forms {c.g. R pneumo- 
cocci) of other bacteria. 

'Tcrphologiccl Dij-crcnccs between S and R Strains. — ^The recently 
isolated or S form when stained by the method of Gram is character- 
istically a small Gram-negative coccoid or oval badllus. The or- 
ganisms arc quite uniform in appearance and average about 1.0 x 0.5 
micra in sire. Paired organisms are not infrequent. Longer bacillar)- 
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forms are rare (Fig. 1). The R form is typically a much longer 
bacillus, running as high as 4 or 5 micra in length but retaining about 
the same diameter as the S form. Occasionally ovoid bacilli may be 
seen (Fig. 2) in films of R strains. Attempts to show a capsule with 
the usual staining methods have been unsuccessful in our hands and 
in those of Lawson, but when Wright’s stain diluted 2:1 with glycerin 
as suggested by Lawson is used, definite capsules as described by him 
(8) may be made out in young cultures of S forms (Fig. 3), wliile indefi- 
nitely outlined or doubtful capsules appear in R strains. 

Toxicity. — ^At the time that Bordet and Sleeswyk noted the anti- 
genic differences between recently isolated and stock strains of H. 
pertussis, they demonstrated that the former, upon intraperitoneal 
inoculation of guinea pigs, were toxic, whereas the latter were not. 
Leslie and Gardner (7) have repeated this work and state that their 
Phases I and II were toxic for guinea pigs and III and W were not. 
Bordet’s finding that tliere is no multiplication of bacteria ^vithin the 
animal’s peritoneal cavity and his view that death is purely toxic in 
its mechanism received support from these authors. Lawson (8), 
elaborating upon the work of Teissier, Reilly, Rivalier, and Cambas- 
sedes (17) has shown that there is a toxic filtrate (endotoxin) obtainable 
from Phase I (S) strains which produces a skin reaction in guinea pigs 
and which is neutralizable both in vivo and in vitro by immune serum. 
He was unable to show similar toxic properties in Phase III and IV 
(R) cultures. 

We have made no effort to study this aspect of the problem in detail. 
However, in seeking criteria for the identification of S strains, we have 
tested a few of our cultures when indicated by intradermal injection 
of rabbits with filtrates and by intraperitoneal injection of guinea pigs 
according to the technic of Leslie and Gardner and have consistently 
found otu S strains to be toxic and our R strains to be non-toxic. 

Serological Differences between S and R Strains: (o) Agglutination. 
Leslie and Gardner (7) working with 16 strains isolated by them and 
with 4 additional fresh strains obtained from Denmark and with 12 
stock cultures derived from the Lister Institute and from New York, 
concluded that their freshly isolated strains were a uniform antigenic 
species without fixed varieties or t3^es (Phase I) and that after 
isolation and repeated laboratory subculturing on various media, 
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they passed over through a transitional phase (11) into Phases in 
and W, the phases represented by their stock cultures. Lawson (8) 
working with Leslie’s phase sera studied 18 freshly isolated strains 
in Boston and found that they were Phase I (Leslie and Gardner). 
Certain stock strains in his possession were Phases IH and IV. In 
an effort to extend this work and particularly with a view to am- 
plifjing it in the direction of discovering whether S forms (Phase I) 
were a uniform type wherever derived, we have studied 59 

TABLE 1 

Summary oj Agglulhialion Tests of S and R Strains of H. pertussis with S and R Sera 


+ indicates agglutination to full titer of the serum employed. — indicates no 
agglutination or slight agglutination only. Nine different S and 7 different R 
sera were used in the tests. 


Strains o( U.ptrttissu 

S scrum 

R scrum 

Ko. of 
strains 

Results 

m 

Results 

S strairts 





Cleveland 

o9 

; 

24 

i — 

Boston 

4 

-f 

4 

— 

Chicago 

3 


3 


California 

3 

+ ' 

1 

— 

Denmark 

3 


2 ^ 

— 

R 5 trains 





Cleveland (Toomcv) 

IS 


IS 


Cleveland (from S strains) 

13 

BB 

13 


Boston 

2 

BB 

2 


Xcw York City 

2 

BB 

2 

-f 

New York State 

3 

■I 

1 ^ 



fresWy isolated strains obtained from widely distributed sources. 
They include strains from Boston shown by Dr. Lawson to be Phase I 
with Lngli.sh phase scrum, strains from Denmark, and strains ob- 
tained in this country from Boston, Albany, Chicago, San Fran- 
cisco. and Cleveland. 

.411 of these strains, with the c.xception of the .Albany ones, which 
were somewhat ohlcr and presumably had dissociated to the Pv form, 
have ncchuinatcd to full titer vdth scrum made with strains freshly 
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isolated by us or with sera made with S strains selected from each of 
the sources noted above. All of them failed to agglutinate or aggluti- 
nated only in low titer with sera made with stock (R) strains. These 
findings are summarized in Table I. In brief, all recently isolated S 
strains of E. pertussis tested by us, although obtained from vndely 
distributed sources, are identical by the method of agglutination and 
are agglutinatively distinct from R forms. 

We have not made detailed efforts as yet to differentiate subvarieties 
of R strains (Phases III and IV). As stated above, we have not 
noted Leslie and Gardner’s Phase II (transitional S strain). Every 
one of the R strains including a ‘Thase III” sent us by Dr. Lawson 
has agglutinated to full titer with serum made with Strain A (Mishu- 


TABLE II 

Reciprocal Absorption Tests with Sennit and Organisms of S Strains of H. pertussis 
from Cleveland {E 16 ) and Boston (Z) 



Organism 
agglutinated j 

Titer before 
absorption 

Agglutinative titer after absorption 
with 


Strain H16 

Strain Z 

Serum H16 | 

H16 

Z 


>1:100 : 
>1;100 

>1:100 

>1:100 

Scrum Z | 

H16 


>1:100 

>1:100 

Z 


>1:100 

>1:100 


low) which was designated Phase W by Leslie and Gardner (7), and 
Lawson (8). This has been true of all stock strains obtained from 
outside sources as well as all R forms derived from our own S strains. 
One strain (Ml, obtained from Dr. Park) has puzzled us, as altliough 
in all other respects it has behaved as an R variant, its serum has 
occasionally agglutinated our S strains even though it has not been 
agglutinated by the anti-S sera. We are planning to study this strain 
and other aspects of R dissociants in the near future. 

(b) Agglutinin Absorption . — In order to establish the fact that all our 
vndely derived S strains, seemingly the same b}”- agglutinative methods, 
are serologically identical, we have tested them further by absorption 
of agglutinin. In all cases we have used the method of reciprocal 
absorption insisted upon by Krumwiede (14). We have not tested all 
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strains but have selected single samples from each of the sources noted 
above. By this method in all cases tested, it has been found that 
absorption is reciprocally complete. Table H shows a typical experi- 
ment using S strains from Cleveland and from Boston. 

As noted above, studies concerned with the classification of sub- 
varieties of R forms have not yet been undertaken in detail. How- 
ever, such work as we have done by the methods of agglutination or 
agglutinin absorption, have not indicated that mutually exclusive, 
sharply defined phases are the rule. 

Calaphorclic Difercnlialion of S and R Strauis . — ^Early in omr studies 
of E. pertussis we noted and reported the fact (18) that recently iso- 
lated (S) strains could be sharply differentiated from stock (R) forms 
by means of their cataphoretic migration velocities in an electropho- 

TABLE m 

Summary of Readings Made of Cataphoretic Velocities of S and R Strains of 

Z7. pertussis 

Organisms washed 3 times with distilled water and resuspended in m/100 
glycocoll-sodium phosphate-sodium acetate buffer, pH 7.0, 



Xo. ot strains 

Xo. of 

deteminations 

Avcrajre 

S strains j 

53 

201 

1.78 

4.20 

R strains 

39 

162 



relic cell, .At that time we bad worked with 16 S and 6 R strains. 
Since then we have extended our observations to include 53 S and 
39 R cultures and have consistently confirmed our original findings. 
All S strains have showm slower migration velocities than R variants. 
The velocities for S strains under standard conditions have averaged 
1.76 ;i / sec. / v. / cm. (range 1.2 to 2.3) and for R strains the average 
reading has been 4.2 /i / sec. / v. / cm. (range 3.9 to 4.6). A summary' 
of the findings appears in Table III. These results show dearly the 
striking difTcrence existing between the migration rates of the two 
forms, the R form moring at a rate over twice tliat of the S form. 
.Mthnugh llic individual variations in the two categories are fairly 
wide, the great majority of readings have fallen fairly dose to the 
mean, and further, these occasional variations have been noted in 
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readings made at different times upon a single strain. Some of these 
have been accounted for on the basis of technical difl&culties. 

Differences between toxigenic and non-toxigenic (S and R) diphthe- 
ria bacilli and between S and R pneumococci have already been noted 
(19). The findings here%vith reported for H. pertussis would seem to 
parallel these and constitute a further basis for considering recently 
isolated (S) strains, virulent forms, and stock strains, avirulent or 
R dissociants. 



Text-Fig. 1. Curves showing (a) the effect of varying pH upon nugration 
velocities of S and R forms of E. pertussis and (b) their isoelectric points. The 
curve for the S forms is the solid line and for the R forms, the broken line. Read- 
ings for individual strains are indicated by the symbols shown on the chart. 


Certain observations have been made in regard to the relationsliip 
existing between migration velocities and variation from S to R and 
back again. When an S strain is maintained upon Bordet-Gengou 
medium containing a high percentage of blood (25 to 35 per cent), it 
retains its typical slow rate for a long period of time, perhaps indefi- 
nitely. When the proportion of blood is reduced to 5 to 10 per cent, 
faster moving organisms begin to appear among the slower ones, the 
ratio being about 2:1. Finaffy, when the strain has adjusted to 
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chocolate agar, the slowly moving organisms are completely replaced 
by those of higher migration velodties and the strain is now completely 
R in aU respects. If now the R strain is grown again on Bordet- 
Gengou meium with high blood percentage, provided it has not been 
R too long, it will revert to its slower rate and will assume all the 
characteristics of S strains. 

One of our R strains, Ml, has regularly shown a migration velocity 
(3.1 [i/sec./v./cm.) intermediate between those characteristic of S 
(1.76) and of R (4.2) forms. It is interesting to note that this is the 
strain referred to above which has behaved in inconsistent fashion 
agglutinatively and which is being investigated further in our pro- 
jected detailed studies of R variants. 

TIte Isodcclric Point of S and R Strains . — The finding of these char- 
acteristically different cataphoretic velocities for S and R strains sug- 
gested the addsability of an investigation of their respective isoelectric 
points. Fifteen determinations upon 12 representative S strains and 
34 determinations upon 24 R variants have been made. The results 
show that S and R forms may be sharply distinguished by their respec- 
tive isoelectric points. For recently isolated strains (S), the isoelectric 
point falls between pH 4.4 and 4.8, average, pH 4.61. In the case of 
R forms, the isoelectric point falls between pH 2.8 and 3.6, average, 
pH 3.19. Text-fig. 1 shows the curve for 6 representative strains in 
each of the categories. Differences in the isoelectric points of a xaru- 
Icnt strain of the bacillus of rabbit septicemia and its less xnrulent dis- 
sodant have been reported bj' De Kruif (20). The finding of these 
differences in their isoelectric points for S and R strains of H. pertussis, 
constitutes further cridence in favor of their representing respectively 
the pathogenic form of the organism and the a\irulent variant. 

The Maintenance of S Forms . — Freshly isolated strains of IJ. 
pertussis persist, perhaps indefinitely, in the S form, as determined by 
the criteria enumerated in the foregoing sections, prorided that they 
arc kept growing upon Bordet-Gengou potato-glyccrin-blood agar con- 
taining no Ic-ss than 25 per cent of freshly dcfibrinatcd blood. Wc have 
6 strains GIS, HIO, H12, 1115. H16, and H19) that have retained their 
cultural, hemolytic, morphological, serological, and cataphoretic S 
cluractcristics. under these conditions of cultivation, for periorls rang- 
ing from 21 to 31 nronths. Strain Z used for the successful ape trans- 
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mission experiment referred to above, was over 8 months old and had 
been subcultured 60 times when used for inoculation. 

If the proportion of blood is allowed to fall below 20 per cent, dis- 
sociation of S to R forms occurs. If the cultures are now seeded upon 


TABLE W 

Criteria for Identification of S Form of H. pertussis and for Its Differentiation from 

R Forms 



S forms 

R forms 

Relationship to 

May be recovered in first 2 wks. 

Not present in first 4 wks. of 

whooping cough 

of disease if suitable measures 

disease 

Cultural charac- 

are used in practically all cases 
Dome-shaped, half-pearl. 

Outline circular but not sharply 

teristics 

Sharply circular outline 

circumscribed. Elevation 

Stability of suspen-l 

Glistening, mucoid or moist ap- 
pearance 

Pearly greyish white color 
Surrounding zone of hemolysis 
Emulsify smoothly to form stable 

ratlier flat and not compact 
Not glistening in appearance 

Dull, dirty light grc}'’ color 

No hemol 3 'sis 

Emulsify’’ witli difficulty, Fre- 

sion in 0.85 per 

suspension 

quent instability witli auto- 

cent NaCl 
Morphological 

Small Gram-negative coccobacil- 

agglutination 

Long, tliin bacillus, 4.5 x 0.5 ix 

Serological 

lus, 1.0 X 0.5 ^ 

Generally uniform in size I 

Capsule present 

Agglutinate to full titer witli sera 

Considerable variation in size 
, Capsule probably not present 
Agglutinate to full titer witli R 

Toxicity 

made witli recently isolated (S) 
strains, wherever derived 
Complete reciprocal absorption 
with other S strains 

No absorption of agglutinins 
from R sera 

Toxic for guinea pigs upon intra- 

sera 

No absorption of agglutinins 
from S sera 

Not toxic 

Cataphoretic 

peritoncal injection 
! Under standard conditions mi- 

Under standard conditions migra- 

gration velocity is 1.75 /i /sec./ 
v./cm. 

Isoelectric point: pH 4.6 

tion velocity is 4.2 ^ /sec./ 
v./cm. 

Isoelectric point: pH 3.2 


chocolate agar, they will grow luxuriantly in the R form. Strains 
thoroughly adapted to tlie last named medium will grow upon brain 
agar medium. R strains which have been growing for periods of 
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designated the S form and the laboratory variants the R form of H. 
pertussis. Whether the R variants fall into sharply defined phases as 
pointed out by Leslie and Gardner, remains to be confirmed. Lawson 
and the writer have never noted their “Phase II” and Toomey (21) 
is in agreement with us that sharply defined, mutually exclusive sub- 
varieties of R variants probably do not exist. We are undertaking 
further studies of this somewhat mooted point. 

Dawson, as a result of detailed studies concerned with the dissocia- 
tion of pneumococci (22) and of streptococci (23) has shown that these 
organisms have three variant forms and he proposes that the termi- 
nology currently employed for pneumococcal variants be clianged to 
conform with the terms used in the description of corresponding vari- 
ants of other bacterial species. The first form, encapsulated, at 
present called S, he designates mucoid (M); the second, at present R, 
he calls smooth (S) ; and the third, a new and distinct, grossly rough 
variant which he describes for the first time, he would call rough (R). 
Hadley (24) has found that most organisms show these tliree chief 
colony forms. From conversation vnth Dr. Dawson, it seemed tliat 
our S which is encapsulated and has a moist mucoid colony has the 
character of his M form. ^Vhether the subvarieties of R variants 
(III and IV of Leslie and Gardner, A and B of Mishulow) correspond 
to his S and R, remains to be seen. For the time being it has seemed 
more practical to use the terms S and R as generally emplo3’-ed. As 
we study H. pertussis variants further, it is possible that these three 
chief colony forms, constituting the usual pattern for other bacterial 
species, may emerge as well defined types. 

The finding that H. pertussis when first isolated is a single specific 
serological type, in S form, and that this antigenic phase may be main- 
tained by suitable cultural management has certain definite implica- 
tions. One bears upon further transmission experiments directed 
toward the establishing of the etiological relationship of the organism 
to whooping cough. Working with monkeys, Sauer (25) produced 
suggestive manifestations of the disease in 8 out of 76 attempts. It is 
very probable that his failures may be laid to the use of R forms as 
inoculum. Criticism directed against the conclusiveness of the occa- 
sional successful transmission experiment (Sauer (25), Rich ct at. 
(26), MacDonald and MacDonald (27)) with freshly isolated 17. 
pertussis put forward by those entertaining the combined E. pertussis 
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EXPLANATION OF PLATE 18 

Fig. 1. S form of H. pertussis showing coccobacillary forms. Occasional pair- 
ing of organisms appears. X 1 ,250. 

Fig. 2. R form of H. pertussis showing long bacillary morphology. X 1,250. 
Fig. 3. Capsules of S forms of H. pertussis. Wright’s stain diluted 2 : 1 with 
glycerin was used. The capsules appear bluish pink in the original smears. The 
color did not photograph well. X 1,250. 
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A CO^^IPAEISON OF OCULAR AUCRO^-IETRIC AND 
PROJECTOSCOPIC METHODS OF ESTBL^TING 
GROWTHS IN TISSUE CULTURES 


By HOMER F. SWIFT, M.D., JOHAFTN’ES K. MOEN, M.D., A-vd 
EKN'ST VAUBEL, M.D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, July 2, 1934) 

An important part of investigations dealing vrith tissue cultures is 
the estimation of the amount of growth occurring imder a given set of 
conditions; and for this purpose the procedure described by Ebeling 
(1) has proven the most satisfactory. Those employing this method rec- 
ognize that it does not give an accurate picture of the total number of 
cells that have grown in the culture, because the areas drawn represent 
extension in only two dimensions, and fail to consider the third as 
represented bj’' the thickness of the growth. The critics of this pro- 
cedure, nevertheless, have offered no practical substitute; and many 
investigations continue to be recorded in which no quantitative cri- 
teria are applied. The microscopic appearance of the cells is ob\dously 
important in helping one to form a final judgment, and should not be 
neglected. If, therefore, the data for both quantitative and qualita- 
tive criteria could be gathered from a single manipulation, certain 
distinct advantages would follow. The purpose of this communica- 
tion is to describe a simple method whereby fairly satisfactoiy quanti- 
tative data can be easily acquired. 

The method of Ebeling necessitates considerable apparatus. For 
the drawing of Uie silhouette some form of projcctoscope is required, 
and if the source of light is vciy- hot the culture must be protected by 
a heat-absorbing chamber. Unless the apparatus is in a warm room 
the culture flasks or slides arc subjected to cooling with a consequent 
retarding of growth. Tlie accuracy' of the results depends, natumlly, 
M\w\ the cxjvcricncc of the obscr\'er in outlining the silhouelles and in 
planimetn-, anal rdso upon an understanding of the relationships of 
these two maneuvers one to the other. In fad, the limitations of 
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tissue culture technique make too minute measurements unnecessar}^ 
A planimeter is, however, needed for the determination of the area 
occupied by the drawn silhouette. As eight or more growths are 
generally used in each portion of an experiment, the time required for 
making tracings and measurements is no small item; and this must be 
followed by calculation of increments of growth and of comparative 
indices. Usually the increment represents the average of calculations 
from a number of growths, and the indices are quotients of the average 
growth under some special experimentally arranged condition divided 
by an average growth under normally arranged condition. 

After having become familiar with the above described technique, 
it seemed to us desirable to determine whether a simpler method might 
not give almost as satisfactory results, and thus be applicable in 
laboratories where the more elaborate apparatus is not available. 

Methods 

Transplants of actively growing fibroblasts were divided into an equal number 
of pieces, half of which were placed in Carrel flasks containing media representing 
an abnormal environment and half in a normal environment. The transplants 
were identified so that their origin could be traced. Their increment of growth 
was then estimated by one of us with the projectoscope, planimeter, adding 
machine and slide rule, according to Ebeling’s teclmique. Simultaneous!}’- another 
observer estimated the increments of growth as follows: An eyepiece disc microm- 
eter was placed on the diaphragm of a 10 X ocular which was used -nitli an 
180 mm. objective for the measurements of the transplants. The micrometer 
scale contained 100 equal divisions, with every tenth division numbered; and 
measurenients were carried out to the nearest unit of 5. As the transplants 
originally were irregularl}’- rectangular, the first measurement was made -Rith the 
micrometer scale extending through tlie longest axis of the transplant; the ocular 
was then turned 90° and a second measurement -was made through the other axis. 
If the transplant was very irregular in outline allowance was made so that ap- 
proximately equal portions would extend outside and inside an imaginary line 
projected at right angles to the end of the axis being measured. On subsequent 
days as tlie growths assumed more and more a circular outline, the two axes were 
measured in the same manner. At the same time note was made of the qualita- 
tive cliaracter of tlie growth and the various elements composing it, and of the 
thickness of the culture by focusing at different levels. 

The calculations of increments were made on the assumption that the areas 
occupied by the growths were perfectly circular, an assumption not in accord 
with the facts, but of sufficient validity so that the results might be tested against 
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the more accurate data obtained 'with the projectoscope and planimeter. The 
average radius of an}^ given lot of transplants was calcukted as follows: 

Sum of all axes 

^ “ 4 X number of transplants 


The approximate average areas could be calculated from the formula r^; and 
from these areas the increments of growth could be determined. Comparative 
increments of growth, on the other hand, could be estimated directly from the 

f — T ^ 

squares of the radii as indicated in the formula — ^ where Tq is the aver- 

To 

age radius of the original transplant, and r~ is the average radius on any given 
day. The effect of any given experimental environment, as in the case of the 
measurements made with the projectoscope, was calculated by the formula 


Increment under experimental enrironment 
Increment under normal enrironment 


RESULTS 


The comparative results with the two methods are shown in Table 
I, where a surprisingly close agreement is seen in most instances, par- 
ticularly in the case of older growths in which the new cells occupied a 
more nearly circular area than in the first 2 or 3 days after transplanta- 
tion. A comparative inde.v of more than 1 indicates that the experi- 
mental en\'ironment was more favorable than the normal one, and 
conversely an index of less than 1 shows the experimental emdronment 


was less favorable. In no case was the sign of the index different by 
the two methods; and in only part of one experiment (T-6S) did the 
indices var\' widely. In this case the observer was making his first 
ocular micromctric measurements; and the growths during the first 
few days showed marked irregularity so that calculations made on the 
assumption of a circular growth would not obtain. WTien, in the 
later days of the cx]>orimcnt, the growth became more circular and the 
obscr\-cr more experienced, the indices agreed more closely. By cal- 
culating the initial arc.as of the transplants according to their true 
shape— square, triangular or circular— doubtless the two sets of fig- 
ures could be brought into closer agreement. 

In recording the rates o! migration and growth of cells from c,Tp!ants 
of spleen and bully coats of blood we have found the ocular micrometer 


e>pecially u-^ciul. because the a 
could l>e niore accuratclv me.a 


rcas occupied by different tj^/es of cells 
.surcci on account of the i^ossibility of 
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obtaining a microscopic picture of each cell simultaneously with the 
measurements. The fact that these migrating cells quickly occupy a 
circular area also tends to make the two methods agree more closely 
than in the case of fibroblastic growths. 

Another advantage of the ocular micrometric method is the pos- 
sibility of placing the microscope in a warm box during the period 
of measurement, and thus one may avoid chilling tlie cultures and 
retarding their growth. 


DISCUSSION 

In presenting the ocular micrometer measurements as a basis for 
the calculation of growths of tissue cultures we do not mean to imply 
that it is as accurate as those given with the projectoscope and planim- 
eter, nor do we tlfinlc that the ocular micrometer has not been pre- 
viously employed in examining tissue cultures, since remarks are en- 
countered in the literature indicating that it has been used. In 
neither Fischer’s book (2), in Levi’s article on technique (3), nor else- 
where, have we found that approximate areas calculated from measure- 
ments of axes have been used for estimation of increments of growtli 
or for comparative indices. While the simple inspection of growths 
will often give a fairly correct idea of the influence of a particular en- 
vironment on the growth of cells in vitro, in many instances, where the 
culture media is composed of complex substances, it becomes necessar)’’ 
to keep quantitative records of the increment of growth if one is to 
estimate the effect of the components in the medium. The demands 
for quantitative data are even more pressing as one multiplies tlie 
number of pieces examined and the number of factors in the enwron- 
ment. Because the results of estimating the areas, and especially tlie 
comparative growth indices, were in such close agreement we feel that 
where the more complicated apparatus is not available one is justified 
in employing a method requiring simply an ocular micrometer and slide 
rule in addition to the usual material demanded for tissue cultures. 

' SUMMARY 

In estimating the increments of growth of tissue cultures and of 
comparative indices it is possible to use areas calculated from measure- 
ment of two axes made ivith an ocular micrometer in an ordinaiy mi- 
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croscope. On the assumption that the growths are approximately 
drcular in outline the squares of their radii are used as the factors for 
comparison. Results obtained with this method agree fairly closely 
with those derived from projectoscopic drawings and planimetric 
measurements. 
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RABBIT POX 

I. Cliwcal IMantfestations and Course of Disease 
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Plates 19 to 21 

(Received for publication, June 26, 1934) 

In December, 1932, a disease presenting many of the characteristic 
features of small pox in man appeared in a colony of rabbits main- 
tained for the study of problems of constitution and quickly assmned 
epidemic proportions with a high mortality in certain classes of ani- 
mals. The nature of the disease and the origin of the outbreak were 
obscure, but the picture presented indicated that the disease was due 
to a \dru 5 and not to a bacterial infection. This impression was 
supported by observ^ations made in the spring of 1930 when there 
was a small epidemic of a disease presenting the same clinical and 
pathological picture. 

WTiile it is kno\\m that infection with vaccine \drus may be trans- 
mitted from one rabbit to another by contact or to other animals in 
the same room, the prevailing impression is that these infections 
usually are mild or asjnnptomatic. However, a number of severe 
epidemic infections have been attributed to neurovaccine \irus. In 
the present instance, work with a number of \druses was being carried 
on in several laboratories, but at the time vcr\' little information could 
be obtained concerning the use of vaccine \irus. It was subsequently 
learned, however, that prior to the outbreak of the epidemic in ques- 
tion, at least three lalx^ratorics had inoculated rabbits vdih vaccine 
virus and that in two of these neurovaedne had been used. Some of 
the inoculntcd animals were on a lower fioor of a building in which a 
small section of the !>rectling colony \vas kept, while others were on 
the same iloor of the building in which the main colony was )iou 5 ^‘d 
and there were connecting links by means of vdiich a highly contagious 
infection might be transported from one group of animals to another, 
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either in the same or in different buildings. If dissemination of vac- 
cine virus occurred among the experimental animals in these labora- 
tories, it apparently was not detected before the outbreak of this 
highly contagious disease in the breeding colony. 

It seemed desirable to investigate this disease as fully as circum- 
stances would permit. The colony in which the epidemic occurred is 
composed of pure bred and hybrid stocks of many breeds, and at the 
time of the outbreak contained more than 1,400 rabbits. Some were 
normal vigorous animals bred to standard specifications, while others 
showed or were known to transmit various physical and functional 
abnormalities. The colony had been under systematic observation 
for several years. The pedigrees and life histories of all animals were 
known, and the racial, familial and individual peculiarities of the 
stock had been made the subject of extensive investigation so that an 
unusual opportunity was presented for tlie study of the epidemic from 
several points of view. 

Clinical, pathological and epidemiological studies of the spontaneous 
disease were carried out by the author; etiological studies were made 
by Dr. Pearce, Dr. Rosahn and Dr. Hu. All of this work was re- 
stricted by the necessity for the preservation of as much of the colonj'^ 
as possible, the use of measures to prevent the spread of the disease 
within the colony as well as to other stocks of rabbits, and by the lack 
of adequate facilities for the systematic management and study of an 
epidemic of such extensive proportions. Despite these handicaps, a 
fairly complete series of observations and experiments was carried out. 

Investigations showed that the disease had been present in other 
stocks of rabbits for some time before it appeared in our breeding 
colony; later it was found in still other stocks, including animals 
under experimental observation, normal animals in the general stock 
room from which animals are obtained for experimental purposes, and 
in the Institute breeding colony. It is evident, therefore, that infor- 
mation concerning this disease is not only of medical interest, but is 
also of interest to those who breed rabbits or use them for experimental 
purposes. The reports to be submitted are intended to cover these 
several fields of interest, but the spontaneous disease and the epidemic 
have been studied with especial reference to the role of predisposing 
and constitutional factors for which the material is peculiarly 
appropriate. 
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A brief summary of the outstanding features of the disease has been 
published.^ The purpose of this paper is to present the dinical studies 
in more complete form. This will be followed by papers dealing with 
the pathology of the disease and an analysis of the results obtained 
from a study of the epidemic. Experiments dealing with the trans- 
mission of the infection, the disease produced by inoculation and the 
identification of the infectious agent will be reported by Pearce, 
Rosahn and Hu. 

Materials and Methods 

Study of the spontaneous disease in its several relations was based on a stock of 
between 1,400 and 1,500 rabbits, A detailed classification of these animals will 
be given in connection yviih the epidemiological studies. For present purposes, 
it is sufiicient to say that the colony contained pure bred and hybrid stock from 
sixteen breeds including males and females ranging in age from several years to 
new-bom young. There were males in active service and others in reserve, while 
the females included resting, pregnant and nursing does. There were young of 
all ages and many Utters were bom during the epidemic 

In the routine conduct of the colony, every Utter is examined at birth and a 
record made This is followed by a daily inspection of all young and of aU nursing 
does for the purpose of noting any unusual development or any condition which 
requires attention , and the entire colony is examined once a week. These obsen'a- 
tions arc made by members of the staff, but in addition the caretakers ha\*c been 
trained to note and report anything unxisual, thus affording a double check on the 
condition of the colony from day to day. 

Early in December the colony showed c\'idcncc of deterioration. Breeding 
operations were suspended, and a careful search was made for cases of illness in- 
cluding this particular disease. It was 2 weeks, however, before the first case 
vns found. From this time on, cages containing infected animals were noted and 
all possible precautions were taken to prevent spread of infection until the disease 
l>ccamc so \ndcsprcad that further precautions appeared to be useless. How- 
ever, strict isolation of the colony w^as maintained for about a month after the 
last case of the disease developed and all external lesions had healed. 

During the epidemic, dead animals were collected daily for record and autopsy, 
cages containing young animals were inspected and obrious new cases of illness 
were recorded; sections of the colony were examined carefully day by day, especial 
attention being devoted to those animals which hitherto had shov-m no signs of 
illness. In this way, the entire colony was covered about tv.acc a week, and we 
vcrc able to determine v;*5ih reasonable certainty which animah, if anv, had 
rseapeii infection. In the handling of supposedly uninfected animals^ hand 
d’u infection was canid out. 


‘ Grccr.c, Ih S. /V,v. /kr;. Bici cni .Ifd., 1953,30, 
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As a part of the routine management of the colony, all dead animals are autop- 
sied. During the epidemic a special effort was made to distinguish between deaths 
due to rabbit pox and deaths due to other causes, to note conditions peculiar to 
rabbit pox and complications associated with the disease. The pathological 
material obtained in this way was supplemented by material from animals killed 
during all stages of the infection, including the period of recover and by material 
from animals presenting complications and sequelae of various kinds, especially 
those which persisted or developed after apparent recovery from the pox infection. 

Experiments were carried out to determine the length of the incubation period, 
the probability of acquiring the infection by the contact of normal with recovered 
animals, by the mating of normal with recovered animals and by offspring from 
recovered parents. Experimental tests were also made to determine tlie extent 
of the effect produced on the reproduction capacities of both males and females. 

Signs and Symptoms of Disease 

The disease designated as rabbit pox occurred in two distinct forms, 
the one an asymptomatic affection which was recognizable only by 
the presence of characteristic lesions, while tlie other presented definite 
symptoms of an acute infection. It was found, however, that in either 
case the diagnosis could not be made with certainty except by careful 
examination and the detection of certain distinctive lesions. The 
lesions found on examination of living animals are divisible into four 
groups: (1) lymphadenitis, (2) papular lesions of the skin and mucous 
membranes, (3) keratitis or ophthalmia and (4) orcliitis. These will 
be described in the order given. 

Ly^nphadenilis , — ^The tymphoid system was invariabl}’' affected and usually the 
first definite sign of infection was enlargement and induration of the popliteal 
lymph nodes. The nodes of the inguinal region and anterior triangle of the neck 
were also consistently enlarged, and the braphoid masses of the phar}uix were 
usually swollen and in many cases filled tlie greater part of its posterior portion. 
In other regions, enlarged nodes were occasionally found but, as a rule, no appreci- 
able cliange could be detected by palpation. L 3 TOphadenitis persisted throughout 
the disease and in some animals was tlie onl}^ sign of infection. 

Lesions of Shin and Mucous Mcmlra7tcs . — A macular rash preceded the appear- 
ance of papules and occurred either as the first sign of infection or a da}^ or so 
after the discover}’* of enlarged popliteal lymph nodes. The rash was visible on 
tliose parts of the body not covered b}’* hair and could be demonstrated elsewhere 
by clipping or shaving. 

After a variable time papules erupted in the macular areas (Figs. 3 and 4). 
They first appeared as extremely small elevated swellings and in some cases re- 
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mained hardly visible or palpable throughout the infection. In other cases, 
growth occurred in an irregular manner and all variations in size up to nodules a 
centimeter in diameter were present in the same animal. They eventually became 
umbilicated, dry and covered with crusts. The vesiculation and pustule formation 
characteristic of small pox did not occur. Crops of macules and papules appeared 
in succession, and all stages of papular development could be found in a single 
area as in chicken pox. In severe infections, there were hemorrhages in the skin 
and papules tended to be hemorrhagic. 

Papules were usually scattered irregularly through the skin of the entire body 
and w’ere detectable with the greatest ease in the ears (Figs. 5 to 7), the lips, the 
e^'elids and brows, the nape of the neck, the skin of the trunk and the scrotum 
(Fig. 17). Occasionally they occurred as confluent masses, but more commonly, 
although arranged in concentrated groups, individual lesions remained discrete. 
Such distributions were usually associated with an abnormal looseness of the coat 
and affected areas could be plucked bare with little effort. 

Papules were also common on mucous membranes and often occurred in 
confluent masses associated with extensive edema. They were found on the lips 
and inner surface of the cheek in most cases of severe infection (Fig. 9), and when 
confluent presented a striking picture. The edema usually involved neighboring 
tissues and caused an intense swelling (Fig, 10) which, in some cases, became hard 
and indurated and persisted long after other signs of infection had disappeared. 
Such areas often became necrotic and sloughed with the production of large defects 
which healed with scar formation and resulted in permanent disfigurement (Figs. 
19 and 20). The tongue and palate were frequently the seat of hard nodular 
infiltrations (Fig. 15), the centers of which often became necrotic and sloughed with 
the formation of deep ulcers. Occasionally the gums showed a diffuse gre^dsh 
swelling \rith localized areas of necrosis extending to the roots of the teeth, which 
caused permanent damage or loss of teeth in recovered animals. These lesions 
were usually accompanied by a clear blood-stained secretion or a mucopurulent 
discharge from the nose, suggestive of snuffles (Fig, 8), which dried with the forma- 
tion of thick, bromiish, adherent crusts. 

Papules were also found about the anus, on the \nilva of the female and on the 
sheath in the male. In these situations they usually occurred as discrete lesions. 
Occasionally they were confluent and accompanied by edematous swelling which 
caused obstruction of the urethra and retention of urine, and sometimes resulted 
in necrosis of the parts. 

An extensive edema of cars, legs, genitalia and tissues about the eye w-as also 
of common occurrence when such parts were severely affected. 

hyc Ijtsions. Kyc involvement was of almost constant occurrence and resulted 
in a variety of lesions (Figs. 11 to 14). Many cases of infection showed only a 
.slight marginal blepharitis with excessive lacrimation, which usually accompanied 
the macular rash but sometimes preceded it. In some cas-cs, infection spread to 
the lacr>nnl duct and a chronic dacryocx^stitls resulted. Diffuse keratitis with 
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corneal ulceration was common. Iritis and iridocyclitis occurred later in the 
course of infection and were often followed by secondary glaucoma. In many 
animals, the occurrence of those individual lesions was masked by an outspoken 
purulent ophthalmia. Typical eye lesions were occasionally the only visible sign 
of infection. 

Orchitis , — In males, the testicles usually showed a nodular or diffuse orchitis 
with edema of the scrotum (Figs. 16, 17). The involvement in many cases was so 
extensive that sterility of animals seemed inevitable. Lesions resolved, however, 
with restoration of fertility in most instances. 

Clinical Course of Disease 

Incubation . — ^During the epidemic, it was impossible to fix the time 
of exposure of a given animal or of animals in a given cage, so that 
the incubation period could not be determined with accuracy. How- 
ever, observations made on cage groups showed that there was con- 
siderable variation in the interval between the development of the 
first and subsequent cases of infection in the same cage. During the 
early stages and at the height of the epidemic, there was rarely more 
than 2 to 3 days between the development of the first and last cases, 
and not infrequently all of the animals came down at the same time. 
As the epidemic progressed, the irregularity increased until, in the 
terminal stages, the interval between known exposure and the 
appearance of definite lesions was frequently as much as a week and 
occasionally as long as 2 weeks. 

In order to determine the incubation period with greater accuracy, 
two experiments were carried out during the terminal stages of the 
epidemic. In each case, six rabbits 2 months old and of the same 
litter were exposed to infection in the following manner. In one ex- 
periment the six rabbits were placed in a clean cage with a rabbit of 
about the same age which showed an active infection, and left for 24 
hours after which the infected animal was removed. In the second 
experiment the animals were placed in a cage of the same size in which 
all except one of a group had died. The survivor was in the terminal 
stages of the disease and died in less than 12 hours. 

There was no decided difference between the results of the two 
experiments. Most of the animals came down between the Stli and 
7th days after exposure. The shortest incubation period was about 
4-0- days and the longest 9 days. It seems probable that during the 
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height of the epidemic the average incubation period may have been 
shorter. On the other hand, it is kno-vm that, during the terminal 
stages, the incubation was as long as 2 weeks in some instances, and 
may have been longer. 

Symptomatology . — Constitutional symptoms of infection %^ried both 
in occurrence and severity, dependent upon breed, age and physio- 
logical status of affected animals, and, as has been pointed out, vrere 
frequently absent. A full accoimt of this variation vrill be found in 
the report dealing with epidemiological studies. 

In Upical cases the onset was marked by an deviation of temperature which in 
some instances was as high as 106®F., and animals were obviously ill. Apathy 
and loss of appetite were early sjTnptoms and rapid prostration was not uncommon. 
Diarrhea was common in the early part of the epidemic, both in young animals 
and in adults, but was infrequent later and its occurrence in the early stages of 
the epidemic was probably influenced by a coexisting dietar}' disturbance. 

S>Tnptoms resulting from involvement of indi\'idual organs were more constant. 
Infection of the upper respirator}" tract was accompanied by labored respiration, 
mouth breathing and extreme weakness. Photophobia was commonly associated 
\%*ith lesions of the eye and could be recognized by partial closure of the lids. Ani- 
mals vith extensive lesions of the mouth and tongue generally refused food, proba- 
bly more because of the pain caused by eating than from actual loss of appetite, 
and rapidly became emaciated. 

Nervous sj'stem involvement was manifest in some animals by incoordinate 
muscular movement, fibrillar}- tviitching and n}’stagmus. Parah-sis occurred in 
other instances and was usually limited to special muscle groups. The sphincter 
muscles were most commonly aflcctcd, and such cases showed dribbling of urine 
and frequent passage of loose fecal material which adhered to the perineum, 
hardened and, unless removed, blocked the anus and urethra, causing retention 
of urine and feces. Generalized paralysis was not common and usually occurred 
in the terminal stages of a severe infection. 

Types of Disease . — The majority of affected animals showed general- 
ized lesions and S}Tnptoms referable both to systemic infection and 
involvement of indi\ddual organs. In many instances, however, 
lesions were more prevalent or conspicuous in a particular organ or 
part and although strict localization seldom occurred, this inequality 
allowed a basis for recognition of other disease U-pcs (Figs. 1, 2). 
I hus, in some cases the eruption in skin and mucous membranes con- 
sliiuted the clinical picture, while in others glandular enlargement, 
orchitis or ophthalmia was the only external manifestation of infection. 
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The limitation in distribution did not affect the severity of lesions, 
for they were no more pronounced than when associated with lesions 
of other parts. A purulent ophthalmia often persisted in an animal 
as the only sign of infection. On the other hand, a slight inflammation 
of the lids without lesions elsewhere was of equally frequent occurrence. 

Symptoms of constitutional disturbance bore little relationship 
either to distribution or severity of external lesions. The mildest 
cases of ophthalmic, genital and cutaneous infections were usually 
asymptomatic, but occasionally showed the severest signs of ill health. 
Moreover, animals with extensive lesions of these parts often appeared 
in perfect health. Asymptomatic cases were also common both in 
animals with widespread lesions and in others in which lesions were so 
poorly defined that their presence could only be detected by the most 
careful examination. In respect to mortality, however, such cases 
were as serious as others, and at autopsy animals showed typical 
changes in internal organs. 

Mild and abortive types of infection were common during the ter- 
minal stages of the epidemic, and a large proportion of animals of the 
most susceptible breeds and age groups survived infection contracted 
at that time. 

Effects in Pregnant and Laclaling Does . — In pregnant and lactating 
does, infection produced the severest symptoms. 

Such animals were extremely ill and presented the characteristic facies of the 
disease, hunched in a corner of the cage in a stupor, breathing stertorouslj'^ through 
nostrils obstructed by thick brownish crusts, lids partially closed over dull, luster- 
less eyes or glued together by dried secretions and, when forced apart, revealing 
a diffuse keratitis or destructive ophthalmia. Pregnancy was commonly terminated 
bj' abortion and marked improvement usually followed. Abortion was also 
frequent in non-infected, apparently healthy does, both in the latter part of the 
pre-epidemic period and during the epidemic. Young bom at term were usually 
either dead, abnormal in some respect and non-viable, or deserted by the doe. 
Clinical or pathological signs of infection were never found in feti or young born 
dead. Lactating does were even more seriously affected and unless relieved of 
the strain of nursing, rapidly deteriorated and died. The separation of young 
from nursing does often improved their condition and, in many instances, brought 
about rapid recoverj\ 

Complications . — Some complications were of such frequent occur- 
rence and so intimately associated with the disease that they have 
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been described as signs of infection. Thus, comeal tilceration occurred 
in most animals showing eye involvement and was often followed b}"- 
perforation, iridocyclitis or glaucoma. Chronic inflammation of the 
lacrymal duct with mucocele was occasionally observed. Lar3Tigitis 
w’as a constant complication of upper respiratory infections and was 
frequently accompanied by edema of the glottis which caused the 
stertorous breathing characteristic of many cases. Infection of the 
submaxillary glands was common and occasionally resulted in visible 
enlargement. 

In many cases death was apparently due to a terminal broncho- 
pneumonia which was a frequent complication and in some instances 
may have resulted from the aspiration of foreign material due to dimin- 
ished sensibility of the larynx. Pulmonary abscess was less common 
but was the direct cause of the majority of postepidemic deaths. 
Other secondaiy pyogenic infections were rare. Dental abscess oc- 
curred in a number of animals and in a few instances involved the bone 
of the jaw. 

During the early part of the epidemic the disease was frequently 
complicated bj'- gastrointestinal disorders. Diarrhea has been men- 
tioned. In young animals, the discharges consisted of thick tenacious 
mucous but in adults were usually made up of loose wateiy fecal mate- 
rial. Intestinal obstruction caused by impactions in the cecal region 
was also common. These disorders were of frequent occurrence 
prerious to the epidemic and are not attributable to the disease. 
However, they were serious complications and when superimposed 
upon the infection, usually resulted in death. 

3for/ah7y.— -Death might occur within a few hours after infection 
was first noted or be dcla3’cd for daj’s or weeks. The total mortaliu* 
was 46.4 per cent but showed wide variations in different age groups 
and breeds. Among animals less than 14 weeks of age, 7 1. 8 per cent 
of cases of infection died ; the mortality rate was highest among those 
4 to 8 weeks old. In adults, although the mean mortalitj' was about 
15 per cent, the rate in different breeds varied wideh*, certain lines 
being almo.^t completely wiped out while in others no deaths occurred. 

.•\ full discussion of the mortality will be reserved for the report 
foncemed with the epidemiological features of the disease. 

AVrerrry.— Many animals with severe infections recovered (Fig. IS). 
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Prognosis based on the nature of symptoms and type of disease some- 
times proved correct, but as a rule no indication of the final outcome 
of infection could be obtained from clinical examination. 

In cases of recovery, lesions underwent slow resolution extending 
over a period of weeks, and in some instances healed with the forma- 
tion of scars. Reactivation and reinduration of skin papules with the 
development of new lesions was occasionally noted after healing was 
well advanced, but it is not certain that relapse occurred. 

Sequelae , — ^All recovered animals bear stigmata of the disease. 
Corneal scars and scarred hairless areas in the skin of the ears (Fig. 21) 
have persisted to the present time. Many animals were permanently 
disfigured by the healing of large defects by secondary intention and 
subsequent contracture (Figs. 19, 20). In other instances, the slough- 
ing of portions of the genitalia rendered the animals unfit for breed- 
ing service. 

A variety of abnormalities of the incisor teeth resulted from gum 
lesions and dental necrosis. In many animals both primary and sec- 
ondary incisors were completely destroyed, and in others regeneration 
resulted in malalignment which led to direct antagonism with loss of 
cutting edge or to an outspoken deformity in which antagonism was 
entirely lost and growth, therefore, unrestrained. 

Although to outward appearances animals were sufficiently re- 
covered and fit for the resumption of breeding 2 months after the 
beginning of the epidemic, the occurrence of two widespread disorders 
later in the spring indicated that not even at that late date had they 
reached a normal level of general health and vigor. Although a 
thorough investigation of these conditions could not be made, they 
appeared to be attributable in part at least to the reaction of con- 
valescent and constitutionally weak animals to adverse nutritional or 
other environmental factors and, in this sense, were sequelae of the 
pox epidemic. 

The first disorder to appear was characterized by jaundice, progressive weakness 
and emaciation. After prolonged illness most adults improved or recovered, but 
the disease was usually fatal in j'oung rabbits. Those that died were autopsied 
and showed marked cirrhosis of the liver of mi,ved type, entirely different from 
the cirrhosis due to coccidiosis. The second condition was characterized by 
paralysis of the hind quarters, atrophy and degeneration of the fibers of tlic mas- 
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and parturient females, and at autopsy all showed similar lesions con- 
sisting cliiefly of changes in tlie liver comparable with those found in 
the toxemias of pregnancy. It is noteworthy tliat these were all 
recovered animals and showed large, persistent scars in the liver, but 
the exact relationship of the disorder to previous pox infection is 
uncertain. 


Carrier Transmission 

Following the epidemic many seriously affected animals were dis- 
carded. However, a selected group was retained for tests of carrier 
transmission which were performed simultaneously with tests of repro- 
ductive functions. Normal animals were mated with recovered ani- 
mals, recovered males with normal females and recovered females with 
normal males, but in no instance was a mating of this kind followed 
by the development of disease. As a furtlier test, normal animals of 
the most susceptible age groups were imported into the colony and 
were kept in continuous contact with recovered animals but showed 
no sign of infection. Moreover, approximately 500 litters containing 
over 2,500 animals have been born from recovered animals since the 
end of the epidemic. All of these young have been examined clinically 
and many have been subjected to postmortem examination, but in 
no case has any indication of the transmission of tlie infection been 
found. 


Contagiousness of Infection 

A comparison of the present epidemic with that of 1930 indicates 
that the contagiousness of the infection may vary greatly in different 
epidemics. In 1930 only a small part of the colony contracted the 
disease. Spread of the infection was effectually checked by prompt 
isolation or killing of animals which developed the disease, as was 
indicated by the fact that there were no immunes among the survivors 
of the first epidemic. In the present instance, however, isolation of 
rooms with systematic disinfection and removal of infected or appar- 
ently healthy animals to other quarters had no appreciable effect on 
the spread of disease. 

At the beginning of the outbreak, infection invariably followed 
exposure and spread was so rapid that within 2 weeks the distribution 
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age of the lesion, for marked variation in size is also found among papules of equal 
maturit 3 ^ Many of these lesions are hemorrhagic. 

Fig. 4. Skin of a pregnant Himalayan doe self-plucked for nest fur, showing 
both dry, crusted papules and others in earlier stages of development. Minute 
lesions of this type occurred in all adult Himalayans. 

Plate 20 

Fig. 5. Transilluminated ear showing early macular lesions distributed in the 
more vascular areas. 

Fig, 6. Ear at the height of infection showing typical papules. 

Fig. 7. Ear sho^Ying unusually large papules with umbilication. 

Fig. 8. Sanguinous discharge from the nares in an acutely fatal infection. This 
was a frequent early sign of disease, and in the young Belgian rabbit showm in this 
photograph it was the only external sign of infection. 

Fig. 9. T 3 q)ical papular lesions of the lips. 

Fig. 10. Diffuse edematous infiltration of the muzzle in a 3 ^oung Rex rabbit. 
Compare with Figs. 8 and 9. 

Fig. 11. Eye showing diffuse clouding of tlie cornea. This was the only visible 
lesion found in this animal — a monos 3 ''mptomatic infection with no constitutional 
S3Tnptoms. 

Fig. 12. Panophthalmia with total destruction of the lens. 

Fig. 13, Purulent ophthalmia with ectropion of lids. 

Fig. 14. Unilateral secondary glaucoma. A common sequel of ophtlialmic 
infections. 

Fig. 15. Nodular lesions of the tongue and palate with infiltration of gum 
margins. 

Plate 21 

Fig. 16. Diffuse orchitis with edema of scrotum in an adult Belgian buck. 

Fig. 17. Nodular orchitis with papular lesions of scrotum in an American 
blue buck. 

Fig. 18, Recovery with permanent impairment of vitality after severe illness. 

Fig. 19. Healing of a diffuse lesion with contracture resulting from necrosis and 
sloughing of a portion of the right upper lip. 

Fig. 20. Gangrene followed by sloughing of upper lips and nose in a young 
Rex. The incisor teeth show malocclusion resulting from the infection in which 
the upper and lower cutting edges are in apposition. Root infections with perma- 
nent injury to the teeth were common. 

Fig. 21. Scarred hairless areas in the skin of tlie ears 1 year after recovery. 
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II. Pathology of the Epidemic Disease 
By harry S. N. GREENE, M.D. 

(From the Laboratories of The Rockefeller Insiihilcfor Medical Research) 

Plates 22 to 24 

(Received for publication, June 26, 1934) 

The clinical manifestations of epidemic rabbit pox have been de- 
scribed.^ The purpose of this paper is to record the results of patho- 
logical examinations. 

Material and Methods 

The epidemic of rabbit pox was preceded b}' an increase in gastrointestinal and 
nutritive disorders and infections of the upper respirator^' tract with a consequent 
increase in the number of deaths due to those causes. These conditions were 
prevalent during the epidemic so that animals coimng to autopsy Tcpresented not 
only deaths due to rabbit po.x, but also deaths due to other causes and to rabbit 
pox complicated by other conditions. 

During the epidemic, postmortem examinations were made on over 900 rabbits. 
These included deaths from x-arious causes and animals killed for the purpose of 
obtaining material representing all stages of the disease uncomplicated byothcr 
conditions. The methods employed in the collection of material were outlined in 
the prerious paper. Tissues were fixed in 10 per cent formalin, Zenker’s and 
HcUy’s fluids and sectioned in paraffin. Sections were stained with hematorx'lin 
and cosin; Giemsa’s stain was also used in examinations made for inclusion bodies. 

Gross p0StvwTi€7n Findings 

The postmortem picture was not always characteristic and in some 
cases diagnosis was questionable, owing to the absence of distinctive 
macroscopic lesions or to the confusion created by other conditions 
prevalent at the time. As a rule, however, marked alteration in the 
gross appc.irancc of tissues and organs and the occurrence of wide- 
spread focal lesions in the skin or elsewhere made identification of the 
disease jx^ssihle. 

» Greene, H. S, N., Er;, Med., 1934, CO, 427, 
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Areas of focal infiltration and necrosis \Yere nearly always present and formed 
the most definite evidence of infection. Apart from the skin (Figs. 1, 2), mouth 
(Figs. 8, 9) and upper respirator}'' tract, they occurred with the greatest frequency 
in tlie liver, spleen and lungs, but were found in every organ of the body vdth the 
exception of the brain and kidneys. 

The general appearance of animals dying from fulminating infections neces- 
saril}’’ differed from that of animals in wliich the course of disease was more pro- 
tracted. As a general rule, however, animals were well nourished vnth an abun- 
dance of fat in normal depots, and onh' in those cases associated with obstruction of 
the pharynx or witli extensive ulceration of tlie tongue and mouth was extreme 
emaciation found. 

Subcutaneous tissues were often marked!}’' edematous and pea-sized nodules of 
necrosis were occasionally found in fat and connective tissue. Muscle and serous 
membranes rarely showed clearly defined focal lesions but small miliar}'' hemor- 
rhages were common (Fig, 3). 

Lesions mthin the Abdominal Cavity 

The peritoneal cavity usually contained an excess of free fluid which in rare 
cases was blood-stained. Small areas of fat necrosis were common in tlie omental, 
mesenteric and retroperitoneal fat, and occasionally characteristic pearly white 
nodules of pin-head size were scattered over tlie surface of the peritoneum. 

Stomach and Intestine , — The stomach Avas usually filled TOth food, and in 
many cases, although autopsy quickly followed death, digestion and perforation 
of the walls had occurred. Small petechial hemorrhages were occasionally found 
on the surface of the cecum and small bowel, but otherudse focal lesions were 
extremely rare. 

In some cases, the intestines were distended vdth fluid and gaseous material 
and the anal region stained vdth diarrheal discliarges. In otliers the cecum and 
upper portion of the colon were filled with masses of fecal material wliich were 
hard and dry or of a stiff, putty-like consistency. These masses were of variable 
extent and usually they were separated by accumulations of a thick tenacious 
mucoid material. Occasionally, this condition was found in the lower portion of 
the small as well as in the large intestine. It was also present in animals didng 
of otlier causes before and during the epidemic so that it cannot be regarded as 
peculiar to rabbit pox. It is rather evidence of an abnormality connected wdtli 
the epidemic and accentuated by pox infection. 

Liver , — The liver was always involved and usually had a characteristic appear- 
ance. In t}T>ical cases it was moderately enlarged, firm in consistency and pale 
yellow or yellouish brown in color with a profusion of translucent pearly white or 
opaque grey nodules a millimeter or more in diameter scattered over its surface 
and distributed throughout the organ (Fig. 5); nodules were occasionally found in 
the wall of the gall bladder. In some instances, these small lesions were accom- 
panied by larger irregular areas of necrosis measuring as mucli as 0.5 cm. in 



443 


cases the liver rvas °,,gestion. m 

diameter- la mottling moderately 

degree o > ^ nodules vrere us gg^ted, and as a gj^ssis compar- 

g^es, _ vras ^ a ievr small are^ in 

Spleen ^ M in color, &rai and The greatest enlarg^ -rjnder these 

and gre>^sh > autolN-sis, but _ 

* - ct«-> ■^« 

us!..s u.m..-.. «.c ».r.. ^ 

^ r «rcr.-'rh<= ,,t occasionally the lungs jerc instances 

v,-crc nearly alv-wys pte^sen ^ snbplcural no ^ and uncomplicated 

The most <^°’^^^''”V!hicklv over aU surfaces (rig- )- 'frequently ^‘= 

dK.ev:ercpeppcxcdthmU>^ rfy erotic, miliara- nodul^ 

dirrv grec’ ■ ' _ Prt -Ian hares. V" - 

- . ,-•-. -nd 6 arc from bc-.,i- , p-jjt to a 

olucrv^l J ;Hs br«-:i in mar 

is "■•■^•";!\,:::vitv d the s-^-cen found a...o..„ 

coincidcnl abr.o m. 

co\^*>ny. 



444 


RABBIT POX. 11 


hemorrhage or congestion as in the case of an infarct. Occasionally these ^Ye^e the 
only macroscopic lesions found. Diffuse consolidation of one or more lobes was 
seen in some animals but was less frequent than other lesions. 

The trachea and bronchi appeared normal in earl}'^ cases. In more advanced 
cases, the}^ usually contained an abundance of white frothy material which rarely 
was blood-stained. 

Heart , — ^The heart was usually pale in color, soft and relaxed. In other in- 
stances it was normal in appearance. In a few cases marked distension of all 
chambers with fluid blood was noted. Rarely focal lesions were found in the 
mj^ocardium. 

Thymm , — The th^mius was generall}" enlarged and occasional!}^ markedly 
edematous. Petechial hemorrhages were of almost constant occurrence and focal 
areas of necrosis were common. 

Lesions of Miscellaneotis Organs 

Lymph Nodes , — ^Lymph nodes were not universally affected. The most pro- 
nounced abnormalities were found in the pharyngeal and deep cervical nodes and 
in the superficial nodes in general, especially the popliteals. As a rule, tliese 
nodes were swollen and edematous and frequently showed characteristic focal 
lesions; occasionally they were dark red in color or contained petechial hemor- 
rhages. In contrast with this, characteristic changes were rarely seen in the 
thoracic and abdominal nodes. Occasionally they were slightly swollen and 
edematous but, as a rule, no gross alterations could be detected. 

Bone Marrow and Periosteum , — The bone marrow was always abundant but 
showed man}'- variations in color and consistenc}^ Frequently it was reddish 
gre}^ in color with small scattered hemorrhages and larger greyish areas of necrosis. 
Under such conditions it was generally of normal consistency. In many instances 
it was uniformly grey in color and cheese-like in consistency. Rarely it was dark 
red and fluid. 

The periosteum often showed greyish red elevated thickenings interspersed witli 
areas of hemorrhage. These lesions were most common in the periosteum of the 
flat bones of the skuU. 

Thyroid and Parathyroids , — ^The thyroid, as a rule, was small and pale and 
often showed focal lesions. Parathyroids were likewise generally small but focal 
lesions were much less common. 

Brain and Spinal Cord , — The brain ordinarily showed no other abnormality 
than an engorgement of pial vessels. In a few cases there was a slight increase in 
the amount of cerebrospinal fluid, and in one animal the ependyma of the lateral 
ventricles was markedly granular. 

The spinal cord was usually normal in appearance. In a few instances it was 
slightly swollen and edematous, 

Snhmaxillary Gland , — The submaxillary gland was almost invariably enlarged 
and contained localized and diffused areas of necrosis. 
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Microscopic Findings 

Both in the gross and microscopically, the most distinctive lesion 
in all organs and tissues was the sharply circmnscribed nodule or 
papule. More diffuse lesions arising either from the coalescing of 
adjoining nodules or the simultaneous affection of large areas were 
also common. Microscopically, the composition of these lesions varied 
somewhat with their location and age but, in general, affected areas 
showed comparable histological changes. 

The fully developed nodule or papule was found to be made up of a central area 
of necrosis in which cell outlines and cell t>pes were completelv’ lost, surrounded by 
a zone of mononuclear cell infiltration. This zone and the neighboring tissues were 
usually edematous and occasionally hemorrhagic. In the more diffuse lesions the 
focal character was entirely lost, large areas of tissue were infiltrated, necrosis was 
^’i'idespread and edema was marked. Both tj-pes were found together in fatal 
infections, but among animals killed in early stages of the disease there was a 
notable Icndencj’ for the lesions of a gi^xn animal to be limited to either the dis> 
Crete or the diffuse form. 

Skin and Mticoiis lilanbrane , — Characteristic lesions of the various U'pes were 
found in the corium and subcutaneous tissues. The epithelial changes character- 
istic of small pox in man were not found. In early lesions the epidermis remained 
intact and unaltered. Pathological changes were demonstrable only in those 
cases associated \rith large necrotic areas in the corium. These consisted in 
atrophy and degeneration and suggested secondary’ nutritional or pressure disturb- 
ances rather than the localization of the specific cause of the disease in the epider- 
mis itself.^ 

Similar lesions were found in the mucous membranes of the mouth and phaiymx 
but in this situation focal lesions were generally larger and diffuse edematous in- 
filtralions were of more frequent occurrence. 

A large amount of material from fatal cases of infection and from 
animals killed at earlier stages of the disease was examined with a 
view to determining the pathogenesis of focal and diffuse lesions. It 
was found that in Iwth cases the lesions began as a vascular or peri- 
vascular process affecting blood vessels and h-mphatics, but the dcvel- 


= In r. recent cjiukm'sc of a dltearc presenting identical clinical signs and s>-mp- 
toms, tkc lesions of the skin were not limited to the corium, but were also found 
in tl:e ci-.i(!crmis ^^^.crc dsey consisted of focal ejiilhe’ial degenemtion, s-acuoIL:^. 
tion r.r.iJ vc':c;c formation. This disea.M; was less contagious and f.ir less fatal 
ihit dt.'cril>c\i in lhi« report. 
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opnient of the lesion was most clearly defined in the case of the smaller 
blood vessels. In the earliest lesions the endothelium of affected 
vessels was swollen and granular and occasionally detached. There 
was no apparent alteration in the walls of the vessel, but the perivascu- 
lar tissues were slightly distended with a serous exudate and contained 
a few cells grouped in loose collar formation about the affected vessels. 
The cells were chiefly large mononuclears with some l 3 rmphoc 3 des and 
occasional pol 3 miorphonuclear and red blood cells. There was also 
an appreciable tendency to the accumulation of leucocytes in tlie 
lumen of the vessel, and occasionally cells were seen penetrating the 
vessel wall. 

As the lesion progressed, the process assumed either a focal or 
diffuse form. In the case of focal lesions (Fig. 14), tire accumulation 
of cells increased both inside and outside of the vessel. The walls of 
the vessel showed hyaline changes and eventually the outlines of the 
vessel were lost. The cells at the center of the nodule thus formed 
became necrotic and disintegrated so that cell outlines and cell types 
were no longer recognizable. At this stage, the lesion was composed 
of a central area of necrosis surrounded by a zone of mononuclear 
cells of variable extent. Tliis zone and the adjacent tissues were 
edematous as a rule, and occasionally hemorrhagic. 

Lesions of this type varied from extremely minute granules to masses 
a centimeter or more in diameter. They were widety scattered or in 
close proximity to one another but, as a rule, the intervening tissues 
were little if at all affected. 

Diffuse lesions dift'ered from the focal in that, from the beginning, 
there was a more widespread involvement of blood vessels and 13 ml- 
phatics with less tendency to the concentration of cellular elements 
about affected vessels. In typical cases, cells and fluid were spread 
diffusely through the tissues (Fig. 13); mononuclear cells still pre- 
dominated but there was considerable increase in the relative number 
of pol 3 nnorphonuclear and red blood cells. Widespread edema and 
extensive necrosis of tissues were characteristic features of these 
lesions and hemorrhage was a frequent occurrence. 

There was no truly pustular stage in the development of either focal 
or diffuse lesions. With the extension of the necrosis in the deeper 
layers of the skin, the blood supply to adjacent tissues was cut off or 
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impaired, giving rise to an anemic necrosis wliich frequently extended 
well beyond the limits of the specific lesion. In this way many focal 
lesions extended to the surface with the formation of ulcers covered 
by crusts, while confluent and diffuse lesions gave rise to mass necrosis 
or gangrene followed by sloughing of larger masses of tissue. 

There was no evidence that a pyogenic or other secondary infection 
played any part in the production of these lesions. Focal and diffuse 
reactions had a common mode of origin, but from the beginning they 
pursued a different course. Evidently the difference was mainly one 
of degree and was referable to the e.xtent of the vascular injury on the 
one hand, and the ability of the animal to limit the action of the causa- 
tive agent on the other. As a rule, given animals showed a tendenc}' to 
one type of reaction or the other, but with the progress of the disease 
focal lesions frequently became confluent and occasionally gave way 
to an outspoken diffuse reaction. 

Lungs . — The lungs showed focal and diSuse lesions comparable in all respects 
with those of the skin. Circumscribed areas of mononuclear infiltration were 
found in the vicinity of small blood vessels (Figs. 12, 15) and occurred with the 
greatest frequency near the pleural surface of the lung, but were also situated deep 
in its substance and occasionally were scattered profusely throughout a section. 
They were rarely as sharply circumscribed as those found in the skin, and fre- 
quently alveolar walls c.^lcnding from such foci were infiltrated and swollen with 
exudate. Occasional sections showed thickening and infiltration of alveolar walb 
with no clearly defined focal lesions. This infiltration was sometimes widespread 
but more often occurred in scattered patches ^rithout relation to the bronchi. 
More difiiise lesions in which large areas were infiltrated vith an exudate rich in 
mononuclear cells and fluid and containing many polymorphonuclcars were com- 
mon in more advanced cases of infection, but were also found in association with 
early focal inflllrations. Older lesions showed varaang degrees of degeneration, 
and in fatal cases total necrosis of an entire lobe was not uncommon. Lesions of 
this kind were comparable with the areas of mass necrosis seen in the skin. In 
rare instances, there were also extensive areas of consolidation composed mainly 
of i>olymoTphonudear cells which appeared to be due to the action of some secon- 
dary inva<kr. 

In c.irly cases of infection the peribronchial hanphatic tissue v.'zs general! v 
hyj»crplastic, but the bronchi ll’.cmsclvcs showed no pathological alteration. In 
many fai.al rases. however, thcirvwahs were infillralcd and r.ccnitic and their lamina 
plugrcd with cr.idatc and dcsqu.arr.atctl epithelial cclU. Tl:c absence of primary 
!>ronihial fhr.npcs and the grc.it frequency of fi»cal interstitLal lerior.s would sug- 
gest that the infection ‘prc.ad through bhv>d and l\*Tr.phaiic cliannels rather than 
th.rough hrx'nchial passages. 
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Liver, ^The liver was occasionally engorged with blood but, as a rule, showed in 
addition to the focal and diffuse areas of infiltration and necrosis only an extreme 
degree of cloudy swelling. Earl}^ foci \vere closely associated with blood vessels in 
the portal spaces (Fig. 10) but older and more diffuse lesions extended into the liver 
parenchyma and resulted in extensive destruction of lobules. Fatty degeneration 
was marked in some cases but was also a common finding in animals which showed 
no evidence of pox infection. In fulminating infections, topical focal necroses 
were not found and the microscopic picture was tliat of an acute diffuse degenera- 
tion and necrosis involving the whole organ. Individual cells were swollen, 
granular and indistinct with pyknotic nuclei, and in scattered areas were definitely 
necrotic. Mononuclear infiltrations were absent, 

Spleen^ Lymph Nodes and Bone Marroxv , — The spleen showed a var^^ing degree 
of congestion, which in some cases was extreme. The sinuses were distended and 
contained an excessive number of mononuclear cells; pobnnorphonuclear leuco- 
cytes were rare. Immature leucocytes and nucleated red cells were common. 
Malpighian corpuscles were general!}^ enlarged, edematous and contained cells 
larger and more granular than normal; rarely the corpuscles were reduced in size. 
Focal and diffuse areas of necrosis were found in many instances. Focal lesions 
were most frequent on the surface but were also found in Malpighian corpuscles. 
Occasionally necrosis was widespread throughout tlie organ, the pulp consisting of 
a homogeneous mass of degenerating cells and pigment, wdiile the IVIalpighian 
corpuscles were represented by nests of nuclear detritus. 

Superficial lymph nodes were general!}'' h 3 q)erplastic witli large active germinal 
centers. Their increased size, however, w^as in large part due to edema. Sinuses 
were distended with fluid and individual cells widel}'- separated. The deep cer\dcal 
nodes were most markedly affected and frequently showed C 3 "stic dilatation of 
their medullar}'' sinuses. These changes were often accompanied b}'* discrete and 
diffuse areas of necrosis and, in man}'' instances, entire nodes were necrotic. 

The bone marrow in many fatal cases was involved in so \\ddespread a necrosis 
that many sections failed to show a single normal cell (Fig. 11). In other instances 
small focal necroses were scattered throughout and hemorrhages were common. 
In less affected areas vessels were engorged TOth blood, large and small mononu- 
clear cells were abundant, while polymorphonuclear cells were rare. 

Miscellancons Orgaiis , — Cloudy swelling in the kidneys was so marked that 
many tubules were completely occluded. Other tubular or glomerular changes 
did not occur and necrotic foci were never found. 

The adrenals often showed focal areas of necrosis. Widespread degeneration 
and disintegration were common in fatal cases but may have been of postmortem 
origin. In animals kiUed and immediately autopsied, however, similar but less 
marked changes were found. Diffuse areas of necrosis were of rare occurrence. 

Discrete and diffuse areas of necrosis were common in the testicle. In early 
lesions there were scattered patches of mononuclear cells in the interstitial tissue 
and around the tubules. These increased and eventually became necrotic. In 
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tions and sequelae are similar in both diseases. The atypical forms 
of the two diseases also show similar modifications with lesions ranging 
from confluent eruptions to inconspicuous papules and systemic 
reactions varying from the complete absence of detectable symptoms 
to extreme prostration. The severity of the infection in pregnant 
and lactating females, the occurrence of abortions and the high mor- 
tality in young animals are especially significant. 

Pathologically, the lesions in the skin of the rabbit were more deeplj’’ 
situated and resembled more closely those of the mucous membrane 
in man; they did not show the typical epithelial changes which have 
been described in the formation of vesicles and no typical inclusion 
bodies were found. In other respects the two diseases appear, both 
clinically and pathologically, to be essentially the same or identical. 
The absence of typical vesication and the failure to find inclusion 
bodies may be referable to the deep location and rapidly destructive 
nature of primary lesions. This assumption is borne out by subse- 
quent experience with a less severe form of infection in which typical 
vesicles and inclusion bodies were present. 

Characteristic lesions occurred with greatest frequency in the skin 
and mucous membranes of the mouth, nose and pharynx, in the lungs, 
liver, spleen, lymph nodes and bone marrow, and in the testicles and 
ovaries. In fatal cases of infection focal or diffuse lesions or both were 
nearly always present in these organs, but in some fulminating infec- 
tions no lesions could be found in the skin. 

Diffuse and focal lesions occurred together or as alternative proc- 
esses, apparently depending upon the severity of the infection. In 
fulminating cases of disease, there was widespread degeneration and 
necrosis of cells comparable with those found in many infections and 
intoxications and in no way distinctive. The more common diffuse 
lesions, however, presented the characteristics of an acute inflam- 
matory reaction in which extensive edema, a variable amount of 
hemorrhage, marked mononuclear but comparatively slight poly- 
morphonuclear infiltration and widespread necrosis were distinctive 
features. Focal lesions consisted of clearly defined mononuclear 
infiltrations in which polymorphonuclear cells were almost entirely 
absent and edema and hemorrhage were less marked than in the 
diffuse form. 
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Focal lesions were intimately related to small blood vessels which 
usuall}’’ showed varjang degrees of endothelial damage. Diffuse 
lesions were also associated with vascular injury which, in cases not 
obscured by necrosis, was sometimes found widespread in small ves- 
sels and precapiilaries. More frequently the damage was localized in 
single vessels, but was more intense than in focal lesions and accom- 
panied by extensive edema and beginning necrosis in surrounding tis- 
sues, indicating that this tjT)e of diffuse lesion arose from extension of 
a focal process. In many fatal cases, however, necrosis was wide- 
spread and with loss of histological details, the original focal or diffuse 
nature of the lesion could not be determined. This was particularly 
true of pulmonary lesions which, in advanced cases, usually showed 
e.xtcnsive consolidation vith an exudate largely made up of mono- 
nuclear cells but also containing many polymorphonuclear cells and 
mass necrosis. 

In view of the interest which has been manifested in the etiologj' of 
pneumonia in virus infections, it may be pointed out that lesions of 
tins kind were not peculiar to the lungs. Similar processes were 
obseiA'cd in the lesions of the skin which at times spread veiy rapidly 
with the development of a massive edema followed by necrosis and 
sloughing of the affected part. In these cases the e.xudate also con- 
tained a number of pohmorphonuclear cells. IMany of these animals 
Eur^-ived, and it is worthy of note that the acute diffuse reaction was 
not followed bj’ abscess formation as would be expected if the lesion 
were due to a sccondarj' bacterial infection. Healing occurred as in 
the case of the typical focal lesion whicli supports the view that the 
diffuse reactions with edema, hemorrhage and infiltrations containing 
poKmorphonuclcar cells were produced by the action of the same 
agent which was concerned in the production of the focal lesions. 
From the information at hand, the action of a secondary invader 
cannot be excluded. At the same time, it must be remembered that 
the iwcsence of a secondarj,- invader docs not prove that it played any 
e.s^ential part in the production of the lesion, and from the cxndcncc 
available it appears that in this di.w.sc lx>th the diffuse and the focal 
lesions were nttribut.able to the same organism. 

As a m.atter of fart, the ditiusc reaction in the skin corresponds 
closely v.ith the lesion u.'ually obtained by a cutaneous or intracuta- 
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neous inoculation of vaccine virus, and any doubt concerning the 
etiology of pulmonary lesions is equally applicable to lesions of the 
skin, including those produced by inoculation with bacteria-frec fil- 
trates as well as the lesions seen in spontaneous infections. 

Other lesions to which attention should be directed are those of 
the hematopoietic system, wliich in many fatal cases were so extensive 
that complete destruction of individual organs resulted. In such 
instances the spleen, bone marrow and many l3TOph nodes were so 
necrotic that microscopic identification depended rather on general 
outlines than on histological detail. The most constant finding, aside 
from the widespread necrosis in these organs, was the almost complete 
absence of polymorphonuclear cells. The sinuses of the spleen con- 
tained numerous mononuclear leucocytes but other forms Avere scanty, 
and in the bone marrow although their mononuclear antecedents were 
plentiful, polymorphonuclear cells themselves were extremely rare. 

The remarkable healing of lesions of this disease in recovered animals 
is also worthy of mention. This was particularly noticeable in the 
organs of generation which, although most extensively affected, were 
repaired with restoration of spermatogenesis and ovulation. Cases 
were numerous in which clinical examination indicated universal and 
profound parenchymal damage. Yet such animals rapidly recovered 
normal functions and, in less than a month, were capable of active 
breeding service, and in general behavior could not be distinguished 
from normal animals. 

Small pox was once regarded as among the most serious menaces to 
man, and in recognition of tliis fact protective measures were instituted 
which are unsurpassed by those employed against any other disease. 
Rabbit pox is clearly a serious menace to the rabbit and unless ade- 
quate precautions are taken, may seriously reduce the usefulness of 
the rabbit as an experimental animal. Typical cases of the disease 
are as easily detected as typical cases of small pox, but at3pical and 
as3Tnptomatic infections might escape detection or be mistaken for 
snuffles or for some innocuous disease. But because of their insidious 
and highly contagious nature they are a higlily dangerous form of 
infection. Careful examination will, however, reveal sufficiently 
definite signs of infection in all forms of the disease to arouse suspicion 
or to make a positive diagnosis. From previous experience, it also 
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appears that if sporadic cases of infection are detected before the 
disease has become epidemic, the infection can be suppressed by the 
destruction or isolation of infected and exposed animals. Such meas- 
ures are apparently of no avail during the height of an epidemic. 

The probable origin of the epidemic -vrill be discussed in a subse- 
quent paper. It may be said, however, that available evidence indi- 
cates that the infection which was responsible for the present epidemic 
was not introduced from the outside but originated in the Institute 
and was either masked by some other disease or spread in atxq)ical 
form and thus escaped attention until it reached the breeding colony 
as an outspoken epidemic disease. 

Finally, clinical and pathological evidence lead to the conclusion 
that rabbit pox is comparable with small pox in man and that it is 
produced by an agent closely related to the virus of small pox. 

SUMHARY ANT) COKCLUSION'S 

The lesions found in animals with epidemic rabbit pox have been 
described in this paper. The most distinctive gross lesion in all organs 
and tissues was the small nodule or papule which was foimd to consist 
of mononuclear infiltration and necrosis. Diffuse lesions were also 
found in which the infiltration was widespread and accompanied by 
edema, hemorrhage and e.xtcnsive necrosis of affected tissues and 
organs. The possibility of the diffuse lesions being due to the action 
of Eccondarj’ invaders was considered, but available e^•idence indicated 
that the different tj-pcs, including pneumonia, represented reactions 
to a single causative agent. Moreover, an intimate relationship was 
observed to exist between lesions and small blood vessels in which 
primarx' endothelial damage was usually apparent. The degree of 
vascular damage generally corresponded to the e.xtent of the lesion 
and it is probable that this in turn corresponded to the dose of the 
causative agent. 

The dose ana1og\- between the clinical manifestations and patho- 
logical processes of this disease in the rabbit and small pox in man led 
to the conclusion that the disease in the rabbit is essentially th.c same 
as small pox, and that it is probably produced by a \-irus closely rclatcri 
to the Virus of small pox. .•\\'a!!ablc evidence indicated that the infec- 
tion originated in the Institute and tint it spread in at>-pical form or 
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masked by some other disease until it reached the breeding colony as a 
clearly defined epidemic infection. 

EXPLANATION OF PLATES 
Plate 22 

Fig. 1. Undersurface of the skin from a fatal case of rabbit pox showing numer- 
ous papular lesions and a wide discolored zone of edematous infiltration. The 
variation in the size of individual lesions and the concentration of lesions in vascu- 
lar areas as shown in this photograph were topical findings. Natural size. 

Fig. 2. Undersurface of the skin from a fatal case of infection showing discrete 
lesions of the hemorrhagic type and their relationship to blood vessels, X 3/4. 

Fig. 3, Hind quarters of a j^oung animal killed late in the course of disease. 
Areas of hemorrhage and mononuclear infiltration were widespread tliroughout 
the skeletal musculature. Natural size. 

Plate 23 

Fig. 4, Lungs from a fatal case of infection in a 3’'oung animal showing numerous 
subpleural miliary nodules. Similar lesions were found deep in the substance of 
the lung but pneumonic consolidation was absent. Natural size. 

Fig. 5. Liver and spleen from a young animal. Small focal areas of necrosis 
are distributed profusely throughout the liver. The spleen is enlarged and shows 
a few scattered discrete lesions. Microscopically, the sinuses were distended with 
large degenerating monbnuclear cells and Malpighian corpuscles were poorly de- 
fined and consisted of similar elements interspersed with nuclear detritus. Natural 
size. 

Fig. 6. Spleen from an adult animal showing marked enlargement and large 
subcapsular foci of necrosis. Lesions of this kind were unusual. Natural size. 

Fig. 7. Lungs from an adult animal showing diffuse consolidation and large 
subpleural nodules witli umbilicated centers. Compare with Figs. 8 and 9. 
Natural size. 

Figs. 8 and 9. Tongue. Large umbilicated nodules were commonly found in 
this situation. Microscopically, Ihc}^ consisted of subepithelial mononuclear 
infiltration which extended deeply into tlie underhung muscle, but the epidermis 
itself showed no specific changes. Natural size. 

Plate 24 

Fig. 10. Section of the liver from an animal killed during the course of the 
disease showing degeneration of parenchymatous cells and an early focus of mono- 
nuclear cell infiltration in the portal connective tissue. In other sections all 
stages in the further development of this lesion could be traced from a more pro- 
nounced infiltration involving neighboring lobules to final necrosis. X275. 

Fig. 11. Section of bone marrow from a fatal case of infection in an adult 
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animal. There is widespread necrosis of hematopoietic tissue and no intact cells 
can be found. X75. 

Fig. 12. Section of lung from an animal killed in an early stage of disease. The 
lesion is deep in the substance of the organ and consists of a focal mononuclear 
infiltration with exudation into the alveoli and extension of the infiltration in 
alveolar walls toward the pleural surface. A blood vessel near the pleural surface 
contains an excessive number of mononuclear cells. X 90. 

Fig. 13. Section of the lip showing a diffuse infiltration of deeper tissues includ- 
ing the muscle with mononuclear cells and fluid. Xl30. 

Fig. 14. Section through an early lesion in the skin of the ear showing mono- 
nuclear infiltration about a small blood vessel in the corium, destruction of endo- 
thelial cells and hyaline changes in the vessel wall. There were no specific 
epithelial changes. Xl30. 

Fig. 15. Section through a lesion in the lung of an animal killed when the first 
external sign of infection was observed. The lesion has progressed to necrosis but 
has remained localized about two adjacent blood vessels which show ad\^nced 
changes in the endothelial and muscular walls. X 75. 
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ON THE EXISTENCE OF A FACTOR INCREASING TISSUE 

perjMeability in organs other than testicle 

By ALBERT CLAUDE, M.D., xsd F. DURAN-REYXALS, ^LD. 

(From the Laboratories of The Rockefeller Ifistiiute for Medical Research) 

(Received for publication, July 5, 1934) 

In an earlier publication a report was made on an infection-enhanc- 
ing effect obtained with testicle extract. This property is shared by 
certain other organ extracts but to a far less degree (1). As the 
enhancing power of testicle extract was later found to be assodated 
with a modification of the skin permeability (2), extracts from various 
organs have been tested to determine their relative ability to cause 
this. 

The dissodation between spreading and enhancing action (3) ob- 
scrv’cd wth certain tumor extracts, and the necessity of ascertaining 
where the spreading factor exists in the body, led us to undertake a 
sj^stcmatic study of extracts from various tissues by following the 
spread of India ink particles in the rabbit skin. Such an investigation 
was also considered as an indispensable preliminar\’' to the study of the 
phj'siologj^ of the factor or factors, and of the mechanism of its action. 

Method 

Adult rabbits of both sexes were used. The extracts were prepared by grinding 
the freshly removed organs with sand and 1, 1.5, and 2 volumes of Ringer*s solu- 
tion or water. Tlic suspensions were centrifuged and O.S cc. of the cloudy super- 
naUant fluid injected intradcrmally in the flanl 3 of rabbits together with 0.25 cc. 
of Higgins’ India ink, diluted 1 :2. similar control injection of 0.5 cc. of Ringer^s 
solution or water plus 0.25 cc. of the ink v.'as always made in the same animal. 
The spread of the ink was measured 1 and 24 hours after injection. In some cases 
jirccipitaiion of the tissue extract with 4 volumes of acetone, and rc-extractlon 
of the residue vrith variable amounts of v.atcr was resorted to wnth the hope of 
purifying and concentrating the factor. Tlic tedinique, which had l>een very 
eficctivc in the case of testicle extract, did not give better results iluin the use of 
fresh ext met. 
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FACTOR INCREASING TISSUE PERMEABILITY 


EXPERIMENTAL 

About 120 tests were carried out, each test involving the extract of 
an entire organ, or in the case of some extracts, of the pooled organs 
of 16 different individuals (rats). The average results with testicle 
extract were included for comparison. The findings are summarized 

TABLE 1 


Occurrence of the Spreading Factor in Various Mammalian Organs 


Organ extract tested 

No. of 
tests 

Average 
spreading of 
0.5 cc. ormn 
extract plus 
0.25 cc. 
of India ink 
dilution 

Average 
spreading of 
0.5 cc. saline 
plus 0.25 cc. 
India ink 
dilution 
(control) 

Ratio of 
active spreae 
to spread of 
control 

Positive 
cases with 
increased 
diffusion 

Rabbit lung 

■ 

sq, cm. 

27.3 

sq, cm. 

7.2 

3.8 

per Cent 

100 

spleen 

B 

18.1 

7.2 

2.5 

100 

liver 


8.5 

7.1 

1.2 

42 

kidney 


17.6 

7.2 

2.4 

80 

‘‘ ovary 

2 

20.4 

4.1 

5.0 

100 

placenta 

2 

22.0 

9.0 

2.4 

100 

“ brain 


10.4 

5.3 

1.9 

90 

“ skin 

4 

10.1 

6.5 

1.5 

100 

blood serum 

IS 

9.8 

10.9 

0.9 

0 

“ striated muscle 

3 

3.2 

5.4 

0.6 

0 

testicle 

9 

55.6 

5.8 

9.6 

100 

Rat lung 

2 

1 20.3 

7.8 

2.6 

100 

“ spleen 

s 

24.2 

7.4 

3.2 

1 100 

liver 

5 

26.7 

7.4 

3.6 

80 

‘‘ kidney 

5 

18.6 

7.4 

2.5 

100 

'' brain 

4 

14.5 

6.6 

2.2 

100 

blood serum 

2 

7.8 

7.8 

1.0 

0 

testicle 

10 

40.4 

5.8 


100 

Guinea pig lung 


17.0 

6.1 


100 

spleen 


11.0 

5.0 


100 

“ “ liver 


17.5 

5.0 


100 

kidney * . 


9.0 

5.1 

1.7 

100 

“ “ blood serum 


6.8 

6.8 

1.0 

0 

Calf thymus 

1 

12.0 

4.0 

3.0 

100 

Human placenta 

1 

9.0 

4.0 

2.2 

100 

** scrum 

7 

7.4 

7.0 

1.0 

0 
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in Table I. They clearly demonstrate the existence of spreading 
factors in all organs studied, although in a proportion far inferior to 
that existing in testicle, as judged by the India ink spreads. Striated 
muscle extracts might constitute an exception to this rule. In one 
investigation they were found inactive.^ Sera proved inactive in 
every case. 

The quantitative differences in the spreading factor or the extracts 
studied were further brought out by dilution. WTiereas testicle 
extract stiU increased the spread of ink when diluted to 1:400 (the 
highest dilution studied) extracts of other organs were no longer active 
at 1:10, and only in the case of lung and spleen extracts was there 
observ'ed some spread at 1:5 dilution. 

Another difference between testicle and other organ extracts con- 
sisted in the lack of regularity with which the latter yielded a spreading 
factor, contrasted with the perfect consistency of the former in this 
respect. This is indicated in the last column of Table I and holds 
especially for liver. Lung and spleen extracts, although fluctuating 
in their 5 ields, always e.xhibited a certain acti\ity in increasing the 
spread of ink. 

The spread induced by the various organ e.xtracts was similar to 
that obtained with testicle e.xtract, but took place much more slowly. 
Nevertheless, lung and spleen e.xtracts caused in certain cases con- 
siderable spreading in the hour following injection. In general 
though, the amount of the ink distributed through the area in which 
spread occurred was much less marked than in the case of testicle 
extract. The areas of spread when testicle e.xtract was used looked 
always blackened by the ink, while the skin modified by the e.xtracts 
from oUicr organs, as shown by the spread of ink particles through it, 
was regularly lighter. Another detail to be mentioned is that the skin 
thickening (probably due to edema) was greater in the case of the 
latter. Skin treated with testicle extract %vas not swollen. Some of 
the.«e points arc illustrated in Table IT, in which the areas and the 
density of the spreads produced by extracts prepared witli the organs 
of a single rabbit were recorded 1 and 24 hours after injccUon. 

' Sj-irclli (6) has also found a spreadiae {->07, -cr in th\To;d extracts. Muscle 
eitoacts s.aVr.n r.s control, v.crc inert in S of hLs 15 trials.' Testicle citracls were 
r*ctiv c. 
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FACTOR INCREASING TISSUE PERJIEABILITY 


Summarizing we can state that practically every one of the 12 organs 
studied contains in wdely varying amounts factors increasing tissue 
permeability, as shown by the spread through it of India ink, and 
that testicle and epididymis, lung and spleen seem to be the most 
active. 

The possible role played by the testicle in bringing about the pres- 
ence of the spreading factor in the other organs has been investigated. 
Their property of increasing tissue permeability was found to be 
retained after castration. The results obtained vdth rats’ organs 

TABLE II 


Progression of the Spread with Various Organ Extracts 



Readings after 1 hr. 

Readings after 24 hrs. 


Area of 
spread 

Density 
of spread 

Area of 
spread 

Density 
of spread 

Ringer solution plus India ink (control) 

sq, cm. 

4.1 

db ! 

sq, cm. 

4.2 

rt 

Spleen extract 

14.6 ; 

+-{■+ 

29.0 

+-f-+ 

Lung “ 

9.0 

+ 

36.9 ; 

+++ 

Kidney “ 

S.l 

+++ 

17.6 

+++ 

Brain “ 

6.2 

++ 

10,5 

H — h 

Liver 

S.4 

++ 

8,0 

++ 

Muscle 

4.4 

+ 

4.9 

-1- 

Testicle “ (average of 9 tests) 

19.4 

H — ! — 1 — h 

55.6 

+++++ 


tested 5 weeks after castration have been included in the table. This 
observation indicates that the spreading factor is a usual constituent 
of these organs. 

COMMENT 

The results of the present investigation clearly demonstrate tlie 
existence in nearly every organ tested of a factor active in increasing 
tissue permeability. It was shown in previous work that the same 
organ extracts possess the power of enhancing bacterial and virus 
lesions (1). In the case of extracts from testicle (2) and from in- 
vasive bacteria (3) a direct correlation was found to exist between the 
degree of spreading and the intensity of enhancing power. These 
observations make it probable that the same correlation may e.xist m 
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most of the organ extracts studied. Further experiments are neces- 
sary to test this assumption. It is sustained by the fact that certain 
azo compounds which are active spreading agents also enhance and 
increase the size of infectious lesions (4). The fact deserves mention, 
however, that spleen extracts not only failed to enhance vaccinal or 
staphylococcus lesions, but sometimes exhibited a definite inhibiting 
action. An analogous dissociation of the properties of organ extracts 
regarding the power to increase tissue permeabilitj’- or to enhance 
infections has been met with in the case of certain melanomas (5). 
Likewise, extracts of some transplantable sarcomatous growths failed 
to enhance infectious lesions, although rich in spreading factor. In 
such cases there was an indication that an anti-infectious agent was 
present in the tissue extracts, in addition to the spreading factor." 
For this reason we consider the permeability test more reliable for 
the detection of the factor in organ extracts than the original method 
of the production of lesions. Blood serum is completely devoid of 
both enhancing and spreading power. 

Work is under way on the chemical relationship between the testicle 
factor and the factor obtained from other organs. The possibility of 
quantitative or qualitative variations at different periods in the life 
c3'clc is also being considered. 


strsnLVP.Y 

Many of the organs from animals of both sexes, including the ovary, 
have been found to contain in various proportion a factor or factors 
increasing tissue permeability. The potency e.xhibited by such active 
extracts was alwa>-s less than that of extracts from testicle. Blood 
scrum was found to be devoid of any spreading property. 

‘ In fjpjwrl of this vic.v wc can adduce the fact that, while c-rtracts prepared 
from testicle immune to \-accinc virus still retain to the same extent as normal 
testicle the power of increasing dcrm.al permeabilit.v, they fail to cnh.ancc the \drus 
lesions and indeed actually suppress them. The immune testicle extract may have 
spread the \-accinc suspension over a large area, but it has spread an inacth-ated 
material. It is worth noticing in this connection that Felton (7) has increased the 
virulence of pneumococcus by repeated automatic transfers in lung medium and 
drcrca‘e'1 it by simibr transfers in spleen mc'-lium. 
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made with the results of treatment of a non-vaccinated group of 
tuberculous animals. Some observations are brought forward in- 
dicating the mechanism possibly responsible for the favorable effect of 
ferric chloride in experimental tuberculosis. 

TABLE I 


Effect of Ferric Chloride Injections on Tnbcrculous Rabbits 



Control animals 

Experimental animals 


Rabbit 

No. 

Weight at 
beginning 
of experi- 
ment 

Survival 
time after 
inoculation 
with 
\'irulcnt 
tubercle 
bacilli 

Rabbit 

No. 

Weight at 
beginning 
of experi- 
ment 

Amount 
of 0.25 per 
cent ferric 
chloride 
injected 

SurviN’ol 
time after 
inoculation 
with 
\nrulent 
tubercle 
bacilli 



gm. 

days 

H 

gm. 

cc. 

days 

Group I, non-vac- 

7-71 

2230 

91 


2015 

Klfl 

112 

cinated 

7-31 

2195 

102 


1820 


161 



1670 

126 

B&U 

1860 


287 


7-83 

3010 

162 , 

7-30 

2200 

218 

326 


7-81 

2635 

170 

7-79 

1695 

202 

344t 

Average 

130 



246 




Increase in survival time of experimental animals: 89 per cent 


Group II, prelimi- 

5-97 

2900 

47 

mm 


232 

81 

nary vaccination 

6-26 

2060 

55 

5-41* 

HI 

278 

mm 

with relatively 

6-02 

2250 

67 

6-16 

2125 

278 

in 

a virulent strain 

6-24 

2520 

108 

5-96 

2200 

278 

m 


6-28 

2500 

130 

6-04 

2955 

278 

9 

Average 

81 


198 




Increase in survival time of experimental animals: 144 per cent 


* Superimposed upper respiratory infection at time of death, 
t These animals were killed; all others died of their diseases. 


EXPERIMENTAL 

The technic followed was practically the same as that employed in the earlier 
experiments; for this reason it will not be taken up in great detail. 

In brief, a series of 10 Flemish brindle rabbits was inoculated subcutaneously 
in the thigh each with 0.05 mg. of a virulent bovine Ravenel strain of tubercle 
bacilli. Intravenous injections of ferric chloride (0.25 per cent in distilled water) 
were started immcdiatel}" in 5 of tliese rabbits and continued for a period of about 
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4 months. As a rule about three injections of 6 cc. each of the iron salt vrere made 
everj' week. At the beginning the injections were performed more frequentlj' 
and the individual doses were larger (10 cc.). Subsequent observations indicated 
that 5 to 6 cc. of 0.25 per cent ferric chloride (lukewarm) was innocuous to rabbits 
when injected slowly into the circulation. The stock solution of ferric chloride 
was kept on ice when not in use. 

A second group of 10 brindle rabbits was inoculated intravenously each with 
0.005 mg, of a relatively avirulent strain of bo\’ine tubercle bacilii (Cemay). 
About 6 weeks later each of these animals received subcutaneously in the thigh 
0.05 mg. of a \drulent bovine Ravenel strain of tubercle bacilli precisely as in the 
first series of rabbits. The injections of ferric chloride were started promptly in 
5 of the group and were continued for about 4 months as described above. The 
purpose of this second series of experiments was to determine whether partial 
immunity induced by primarj’ inoculation would enhance the retarding effect of 
ferric chloride. 


Effects of Ferric Chloride on Survival Time 

The results of the experiments are shovm in Table I. Group I 
summarizes the observations on the non-vaccinated rabbits. Five 
controls lived from 91 to 170 days with an average survival time of 
130 days. Four of the experimental rabbits survived from 112 to 326 
days and one was still alive 344 da>^ after subcutaneous inoculation 
with \irulent tubercle bacilli. At that time this animal was sacrificed 
and a thorough postmortem examination was performed. WTien this 
last animal is included in the calculations, the average longevity of the 
cx]>crimcntal rabbits is found to be 246 days, an increase of 89 per 
cent over the survival time of the controls. The weight changes of 
the longest survivors of the control and experimental animals in this 
group arc plotted in Chart 1. It is clear that death follows shortly 
after the controls begin to lose in w'cight (see control Rabbits 7-S3, 
7*81, and 7-80, Chart 1), On the other hand the weight curves of 
the e.xperi mental rabbits show a definite protracted course even when 
the animals start to show a loss in weight (sec experimental Rabbits 
7-59, 7-30, and 7-79, Chart 1). The controls began losing W'cight 
between the 12th and the 15th W'cek of their disease; while with the 
exception of Rabbit the experimental rabbits began to show a 
ilccline in llicir weight curves at the 22nd week of their disease; j.f., 
Weeks after discontinuing the ferric chloride injections. In 
briei, the data both on the increase in survival time and on weight 
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changes with administration of ferric cliloride are in complete accord 
with the writer’s previous observations (3, 4). The more marked 
increase in longevity obtained in tliis group of animals as compared 
vdth the previous series is presumably referable to the effect of ferric 
chloride on the milder type of disease induced by subcutaneous inocula- 
tion of tubercle bacilli. In the earlier experiments tlic disease had 
been induced by intravenous inoculation of the microorganisms. 

Group II in Table I summarizes the results obtained in the reinfected 
series of rabbits. These animals were not inoculated with the virulent 
bacilli (Ravenel) simultaneously with the non-vaccinated rabbits of 
Group I; nor was the same suspension employed. Hence the two series 
can be compared only in regard to the respective differences between 
survival time of experimental and control rabbits. However, the 
actual values in survival time of Group I are not comparable with 
those of Group II. In the latter the 5 controls lived between 47 and 
130 days with an average survival time of 81 days. Three of tlie 
experimental rabbits succumbed 81, 110, and 131 days after sub- 
cutaneous reinoculation with virulent tubercle bacilli. Two of the 
animals had superimposed upper respiratory infections at the time of 
death. The 2 remaining experimental rabbits (Nos. 6-04 and 5-96) 
progressively increased in weight, as indicated in Chart 2. They 
lived for over 6 months after the deatli of the last control animal. 
On the 334th day after reinoculation ‘witli wulent tubercle bacilli 
these 2 animals were killed and thorough postmortem examinations 
were performed. The average surmval time of the experimental 
group is unknown, since 2 of the animals were finally sacrificed. 
However, prior to the autopsy of the 2 survivors amongst the experi- 
mental animals the average life span of tins group of rabbits was 198 
days as compared with 81 days in the control series, or an increase of 
144 per cent over the average survival time of the controls. 

In Chart 2 are plotted the fluctuations in weight of the longest sur- 
vivors of both control and experimental reinfected rabbits. Here again 
control Rabbits 6-28 and 6-24 succumbed shortly after the}’’ began 
losing weight; whereas experimental Rabbits 6-04 and 5-96 main- 
tained steady w’eights for over 200 days after the deatli of the last 
of the controls. Small temporary losses in weight, as indicated 
on tlie chart, were associated as a rule with summer heat waves. 
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With relief in weather conditions, the animals invariably regained 
their original weights. The effects obtained by repeated intravenous 
injections of ferric chloride in reinfected tuberculous rabbits are 
cridently even more striking than those in the non-vacdnated a n i m a l s 
of Group I (Table I). This doubtless is referable to the partial 
immunity induced by primary inoculation which results in a less 
acute form of tuberculosis upon reinfection with a \nrulent strain. 
The degree of immunity conferred by primary inoculation is asso- 
ciated with considerable individual variation. The immunity may 
be of sufficient magnitude to induce a high degree of resistance in 
control reinfected animals; those recehmg no iron. In a recent 
study on the BCG and human strains of tubercle baciUi, the writer 
has found this to be the case. When, however, the Cema)’ strain of 
bacilli was employed for primary inoculation, as described in the 
foregoing experiments, only a relatively mild degree of immunity 
must have been induced, since all the controls succumbed with con- 
siderable tuberculous involvement. 


Effect of Ferric Chloride on the Extent of Tuberculous Lesions 

The morphology of the organs in tuberculous rabbits treated udth 
ferric chloride has already been described (3-6) and will be touched 
upon but briefly. 


As a rule, gross lesions were seen only in the lungs, the kidne 3 *s, and at the site 
of subcutaneous inoculation. In the latter, the lesion appeared in the form of a 
fairly well circumscribed sacculated abscess which frequently buried itself deep 
into the anterior muscles of the thigh. It was filled either with a yellowish, 
suppurating material, of a fairly fluid consistency ; or else contained a more \'iscous 
5ub^tancc which formed a partially inspissated caseous mass. This local sub- 
cutaneous lesion seemed (in some cases) to be slightly larger in controls than in 
experimental animals. The kidneys presented the usual picture of discrete caseous 
foci, situated primarily in the cortical region. The gastrointestinal tract was 
mfrcqucnlly involved in the form of miliary tubercles located chiefly in the ileum 
and in the neighborhood of the cecum. Though the appearance of the lungs 
\ ancd somc*.%}iai in both series, their constant involvement influenced their selec- 
tion a«i the main object for study, in comparing lesions of control and c.xi)crimcntal 
rabbits. In the control animals of the non - re infected group (I), the lungs at post 
mortem revealed extensive confluent pulmonary tuberculosis onh' in the longest 
vurvivors frr., Kabbits and Tabic I). The animals which fu<xuml>^ 
earlier prr>cr.tc\l rchti\*cly fewer discrete lesions. The reason for tliis well known 
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variation in extent of involvement in regard to time of death is not clear. The 
lungs of experimental rabbits of this group were often characterized b}' an intense 
congestion of the parencltyma interspersed bj' caseous foci; a tendenc}' to conflu- 
ence was noted at the bases and margins of the organ. 

The extent of involvement showed some degree of variation, but it is 
noteworthy that in the longest survivors of the experimental group the 
degree of tuberculosis was far less than in some of the longest surviving 
controls. (See Fig. 1 and Table I, Rabbit 7-83, control, and Rabbit 
7-30, experimental.) Some of these experimental rabbits were still 
alive 5 to 6 months after the death of tlie last of the controls (Table I, 
Group I), and yet the extent of tuberculous involvement in the former 
was considerably less than in the latter. 

There is anotlier point of difference between experimental and con- 
trol rabbits wliich may be mentioned here. In animals treated with 
ferric cMoride, the presence of iron is demonstrated (by the Prussian 
blue reaction) not only in caseous areas of lung tissue, but also vuthin 
mononuclear phagocytes. The iron appears in the form of yelloAvish 
brown pigment, indistinguishable from hemosiderin, and is practi- 
cally always observed in abundance witliin the sinuses and reticular 
cords of the spleen; in the reticular cells of tlie bone marrow; and 
fairly frequently in the Kupffer cells of the liver. In the latter or- 
gan, however, yellow, iron-containing granules were also occasionally 
found within the parenchymatous cells of animals treated witli tlie 
iron salt. While it is true that such pigmented material is occa- 
sionally seen in the spleen of a normal rabbit, it has not been en- 
countered by the writer, at least in the present series of experi- 
ments, either in the bone marrow or Kupffer cells of the liver of 
untreated animals, although Rous and others have observed normal 
rabbit livers containing red cells in various stages of degradation to- 
gether with hemosiderin. The present observations indicate that some 
degree of hemosiderosis was evidently induced in the experimental ani- 
mals by repeated intravenous injections of ferric chloride. The injec- 
tions had no evident effect on the hemoglobin percentage. A slight in- 
crease in the reticulocyte level when compared with that of controls 
was noted. The average reticulocyte count in the experimental ani- 
mals studied was 1.2 per cent, wliile that of the controls was 0.8 per 
cent. This is doubtless due to some degree of hemolysis in the car 
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intravenous injections of the ferric salt. The postmortem findings 
in these 2 rabbits, which were killed 334 days after reinoculation with 
virulent tubercle bacilli, have been adequately described already in a 
short preliminary note (6). Suffice it to point out here that the scant 
tuberculous involvement in these 2 animals was noteworthy, especially 
when compared to the massive, confluent caseating tuberculosis in 
the lungs of the longest control survivors which had died more than 
200 days previously (see Fig. 2). Connective tissue proliferation fre- 
quently occupied a more prominent position at the peripheries of 
caseous foci in experimental rabbits than in the controls. INIedlar 
(8) has pointed out that the bovine tuberculous lesion in the rabbit is 
characterized by a slight degree of fibrosis. This is well exemplified 
in the lungs of the longest surviving control (No. 6-28, Fig. 4) where at 
the peripheries of large caseous areas, connective tissue cells are few 
in number. It is interesting to note, on the otlier hand, in experi- 
mental Rabbit 6-04, which was still alive 334 days after reinoculation 
with tubercle bacilH, that the few large caseous areas present in tlie 
lung are circumscribed by a fairly wide zone of connective tissue 
proliferation (Fig. 5). Fibrosis in the tubercle, as Opie recently 
pointed out, is doubtless an expression of resistance to the further 
spread of the disease (9). 

The mechanism to account for the favorable effect of ferric chloride 
is now under investigation. For the present we shall only call atten- 
tion to the frequent finding of intense congestion in tlae pulmonary 
tissue of animals repeatedly injected with the iron salt, particularly 
if these animals are killed within a relatively short time after the 
period of ferric chloride treatment. The reader is referred to Figs. 

1 and 3 for illustrations of the degree of congestion in the lungs of 
experimental rabbits. The frequent occurrence in the lungs of treated 
animals of a zone of engorged capillaries about tubercles, at times 
associated with some fibroblastic proliferation, suggests the end-stage 
of a superimposed inflammatory reaction induced by the accumulation 
of iron in tubercles (Fig. 6). This possibility is supported by the 
fact that ferric chloride, in the concentration employed, is in itself 
an intense inflammatory irritant. Tliis is quite evident when the 
salt is injected into the dermis of an animal. The lungs of animals 
surviving long after cessation of treatment were often characterized 
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by moderate connective tissue proliferation at the peripheries of 
tubercles (Fig. 5, Rabbit 6-04). This fibrous zone, in its location 
with respect to the tubercles, corresponded in a general way to the 
area of engorgement found at an earlier stage. The presence of areas 
of congestion in control tuberculous rabbits was observed in a rela- 
tively small percentage of cases. In support of the concept that 
ferric chloride is responsible for the reactive pulmonary changes the 
following histological data were collected. The lungs of 24 controls 
were studied for the presence of vascular congestion and connective 
tissue proliferation about caseous areas. Congestion was found in 10 
cases or 42 per cent of the lungs studied; while the incidence of fibrous 
tissue was noted in 12 cases; i.e., in 50 per cent of the organs examined. 
The lungs of 27 experimental rabbits that had received varying 
amounts of ferric chloride jnelded the folloudng information; 16 of the 
lungs or 60 per cent of cases revealed marked vascular congestion; 
while 24 lungs or 90 per cent of the total cases W’ere characterized by 
varjing degrees of fibrosis. 

In connection with these facts, there are in the literature some interesting 
clinical and pathological observations which may be mentioned. .About 90 years 
ago, Rokitansky pointed out the rarity of pulmonary tuberculosis in lungs that 
were passively congested. He even asserted that cardiocirculatoiy diseases 
producing passive congestion of the lungs were a preventative of phthisis (10). 
Weiss (11) c-xpressed the opinion that in mitral stenosis accompanied by pul- 
monary congestion tuberculosis of the lungs was infrequent. More recently 
llyndman and Landt (12) in some experimental studies came to the conclusion 
that the number of tuberculous lesions in congested organs was smaller than in the 
corresponding non-congested organs of control animals. 

DISCUSSION* 

The results of the present series of c.xpcrimcnts show definitely 
that repeated intravenous injections of dilute ferric chloride solution 
retard markedly the course of development of tuberculosis in rabbits. 
Furthermore, the present observations indicate that the combined 
action of partial immunity induced by a first infection and of ferric 
chloride administration enhances the favorable effecLsof the iron salt 
in reinfected animals. The implications of tliesc findings are obrious, 
especially when it is readied ih.al the tuberculosis of white adults 
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is generally regarded as a disease of reinfection following the primary 
infection of infancy or childliood. 

The results of seven independent series of experiments representing 
a total of 100 rabbits are summarized in Table II. The studies on 

TABLE II 


Siunviary of All Studies on Effect of Ferric Chloride in Tuberculous Rabbits 


Series 

Results 
published in 

Total No. of 
rabbits 

Average sui 

Control animals 

rWval time 

E.Tperimental 

animals 

Increase in 
survival time 
of experimental 
animals 

1 

■H 


days 

days 

per cent 

*1 


16 

61 

109 

78 

*2 



94 ' 

135 

44 

3 

1934 

10 

130 

246 

89 

t4 

1934 

10 

81 

19S 

1 144 

1 

Average 


91.5 

172 

89 

Total No. of rabbits 

56 





* Series 5 (1933). 16 tuberculous rabbits sacrificed between 45th and 79th day of the 

disease. Extent of tuberculous involvement in lungs of experimental animals 
considerably less than in controls 

Series 6 (1933). 19 tuberculous rabbits sacrificed betn^een 3Stli and 108 th day of the 
disease. Tubercle bacilli inoculated subcutaneously. Experimental rabbits 
showed definite retardation in spread of the bacilli as evidenced by extent of lesion, 
particularly in the lungs 

* Series 7 (1931). 9 rabbits witli bovine tuberculosis; 2 of these treated for about a 

month with ferric chloride intravenously prior to inoculating with tubercle bacilli. 
They survived considerably longer than controls: 124 and 115 days respectively. 
Average survival of 7 controls: 54 days 

Total No. of rabbits in all series: 100 


* Bovine tuberculosis induced by intravenous route; all others were inoculated 
subcutaneously. 

t This group received a preliminary vaccination with a relatively a virulent 
strain of tubercle bacilli (Cerna}’'), 

survival time include 56 rabbits. The average survival time of all 
control rabbits is 91.5 days; that of the experimental animals is 172 
days. The average increase in the survival time of experimental 
rabbits is S9 per cent. Series 5 and 6, comprising 35 animals, represent 
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a study of the extent of lesions in control and experimental animals 
that had the disease for the same length of time. These, as pre\dously 
reported (4, 5), were in entire accord with the results obtained on 
sui^dval time; a comparison of the pathological lesions substantiated 
the fact that the course of the disease following ferric chloride ad- 
nunistration was protracted. 

The explanation for this favorable action on the part of ferric chlo- 
ride is still somewhat problematical oving to the multiplicity of 
factors concerned. It is possible that the retarding effect on the de- 
velopment of the disease may be the resultant of several factors. 
The frequent appearance of intense vascular congestion assodated with 
some fibroblastic proliferation in tuberculous lesions of iron-treated 
animals suggests the end-stage of a superimposed inflammator>' reac- 
tion induced by the accumulation of the iron in tuberdes. The 
introduction of this additional s}’nergistic element would enhance the 
various factors in the tubercle which naturally tend to dispose of the 
badlli. Furthermore the frequent deposition within mononuclear 
phagocytes of an iron-containing pigment, indistinguishable from 
hemosiderin, may, by activating the cells of the reticulo-endothelial 
sj'stcm, constitute a factor in the favorable effect of ferric chloride 
administration. The recent obser\'ation of Rous and Beard (13) that 
Kupffer cells loaded with ferromagnetic iron o.xide can be dislodged 
with relative ease into the circulating blood from their attachment to 
the liver parcnch}'ma renders it conceivable that cells of the reticulo- 
endothelial sj-stem loaded with the iron<ontaimng pigment may be 
more readily detached and may thus be disseminated in greater 
numbers to tuberculous foci. 


SmGURY A>.T) COKCLUSIOKS 

Repeated intravenous injections of dilute ferric chloride solution in 
tuberculous rabbits markedly retard the development of the disease 
as cridcnced both by a prolongation in the survi\-al time and by 
comparison of lesions in control and c.xpcrimcntal animals. 

Partial immunity induced by first infection combined with ferric 
chloride administration enhances in reinfected animals even more 
strik.ingly the favorable effects of the iron salt. Some of the cxj)cri- 
mcntal animal? were still alive and apparently well alxjut 6 months 
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after the death of the last of the controls which succumbed about 4 
months after reinfection with virulent tubercle bacilli. 

F actors that may perhaps account for tlie favorable effect of ferric 
chloride in experimental tuberculosis have been discussed. 
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EXPLANATION OF PLATES 
Plate 25 

Fig. 1. Comparison of lung of (a) Rabbit 7-83 (control, 162 days,non-vaccinated 
group) and that of (6) No, 7-30 (experimental, 326 da 3 's, non-vaccinated group). 
Both of these animals were allowed to die of the disease. Rabbit 7-30 had re- 
ceived b}'' repeated intravenous injections a total of 218 cc. of 0.25 per cent ferric 
chloride. Even though the experimental animal survived over 5 months after 
the death of the control, the extent of tuberculous involvement in its lungs is 
distinctly less than in the control animal. The congestion in the lungs of the 
experimental rabbit is pronounced. 

Fig. 2. Comparison of lungs of (a) Rabbit 6-28 and (6) Rabbit 6-24 (longest con- 
trol survivors, 130 and 108 days respective!}'', vaccinated group) and those of (c) 
Rabbit 5-96 and (d) No. 6-04 (longest experimental survivors, killed on 334th 
day after reinfection). Each experimental rabbit had received a total of 278 cc. 
of 0.25 per cent ferric chloride intravenousl}\ They were killed more than 6 
months after the death of the last of the controls. The amount of tuberculous 
involvement is scant in comparison with the extensive confluence of lesions in 
the controls. 

Fig. 3. Comparison of lung of (a) Rabbit 8-21 (control, killed on 63rd day of 
disease) and that of (6) No. 8-15 (experimental, killed on 63rd day of disease). This 
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rabbit bad received a total of 57 cc, of ferric chloride. The disease was induced 
by intravenous inoculation of the bacilli. The involvement in the control lung 
is extensive as compared to that of the experimental animal. The intense con- 
gestion in the lung of the iron-treated rabbit is striking. About 100 more suable 
badili were cultured and recovered as individual colonies from the control than 
from the experimental lung. 

Plate 26 

Fig. 4, Photomicrograph of lung section of control Rabbit 6-28 (died 130 days 
after reinfection) showing extensive caseation with diSuse cellular infiltration at 
peripher>\ There is practically no evidence of any fibrosis. X 162. 

Fig. S. Photomicrograph of lung section of experimental Rabbit 6-04 (killed 
334 days after reinfection) showing at peripher>' of large area of caseation a 
moderately dense zone of connective tissue proliferation. Compare with Fig. 4 
(control Rabbit 6-28). X 85, 

Plate 27 

Fig. 6. Drawing of microscopic section through lung of an experimental rabbit 
that had received intravenously a total of 226 cc. of 0.25 per cent ferric chloride 
administered over a period of about 10 weeks. Note the dilatation, moderate 
engorgement, and large number of small vessels at the peripher>' of a caseous area. 
There is a sUght connective tissue reaction. X about 500. 
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THE PARTICIPATION OF SKIN LYAIPHATICS IN RI 
OF THE LESIONS DUE TO INCISIONS AND BUR 
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PUTES 28 TO 30 

(Received for publication, June 10, 1934) 

The lymphatics of human skin participate in' the responses 
slight injury. As our previous tvork has shown (1), poorly di 
v-ital dyes, intradermaUy injected, enter the superficial Ijn 
capillaries of the skin, and orcfinarily are retained by them foi 
minutes before escape occurs into the interstitial tissue. Cons 
increases in the permeability of the walls of these vessels, a 
fcstcd by an almost immediate escape of dye from the c 
follow such stimuli as the application of gentle heat, ultrav 
radiation, or a firm stroke over the surface, too slight to abi 
skin. Studies of the Ijunphatic capillaries in the ear of tb 
have disclosed similar changes in the permeability of the 
these vessels (2, 3). Here too a scratch insufficient to break i 
a light stroke with a blunt instrument, e,Tposure to ordinarj- : 
or an increase in temperature to but 5° above body heat si 
induce a great transient increase in the permeability of the Ij 
wall. 

The changes described have been effected without causi 
injur}'. In the present paper we %vish to report upon the al 
in the permeability of the walls of l}mphatic capillaries of ll 
car in and about regions subjected to bums or incision. Oui 
has been to c.\aminc the responses of hmphatic capillari 
frankly pathological conditions, with special reference to the 
ing of these channels during the formation and resolution 
inll.ammator}' processes. 

Melhcds 

\Vc h.i%T feer.d tf-r c.-sr rf I’x laoesc ?.n idea! ftrjcturc in v.'Hch 
dirretSy xht eJurre-^ i.n l^w.pha'.ic as they oarsT in !h 
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As in the preceding work (3), mice of 16 to 18 gm. body weight were best suited 
to our purpose. In all of the experiments tlie animals’ ears were observed at 
various intervals after injury had been produced under an anesthetic. When the 
interval was many hours or several days, etlier ancstliesia was used when the injur)^ 
was produced and the final observations were made under complete sodium 
luminal narcosis. When the times of injury and final observation fell within 
a period of only a few hours, one anesthetization with sodium luminal sufficed 
for both. As in the earlier work, 0.125 cc. of a 2 per cent aqueous solution of 
freshly dissolved sodium luminal was given subcutaneousl}’" for each 10 gm. of 
body weight. All examinations were made under the binocular microscope by a 
method already described (2). 

To render the lymphatic capillaries visible and to test for alterations in the 
permeability of tlie lymphatic wall, a higlil}'' indiffusible vital d 3 ’’e, pontamine sky 
blue (2, 3), was injected locally into the skin of tlie upper surface of the outer 
edge of the ear. It enters directl}'' tlie l 3 anphatics draining the region through 
rents caused by the injecting needle, and extends along the local network rendering 
it clearly visible (3). In all the experiments save where specific mention has been 
made, 0.1 cc. of fresh aqueous isotonic pontamine sky blue (21.6 per cent) was 
added to 2 cc. of a mixture of 1 part mouse serum and 3 parts Tyxode’s solution, 
3 delding a final mixture of approximatel 3 ’' 1 per cent of d 3 "e in an isotonic men- 
struum of protein content similar to that reported for peripheral bonph (4-7). 
This was regularly used to obtain comparisons of the rates of d 3 ^e escape from the 
l 3 TOphatics after different injuries or at var^dng inten^als after a standard injur 3 % 
It will be referred to as standard pontamine solution. When it entered the 
l 3 TOphatic channels of the normal ear, no perceptible d 3 "e escape took place from 
them for 10 to 15 minutes. In many of the present experiments, on tlie other 
hand, so rapid an escape of dye resulted in consequence of the injur}’' to the hmi- 
phatics that we were led to empIo 3 ’' a suspension of particulate matter to test 
whether or not there were openings in their avails. For this purpose diatyzed 
non-w^aterproof India ink (Higgins’ American drawing ink), or else ''Hydrokollag, 
was injected together with the dye solution. The method of preparation of these 
suspensions has already been described (2, 8), Further to compare changes in 
the permeability of the blood vessels of tlie injured ears wuth tlie changes occurring 
in the lymphatics, pontamine sky blue was injected intravenous^’’ into many of 
the mice. The d 3 ^e w^as given as described in earlier papers (9-11), emplo 3 ung 
0.05 cc. of a 21.6 per cent solution mixed with an equal volume of T 3 Tode’s solution. 

To stud 3 ’’ the physiolog}^ of the l 3 anphatics during the progress and restoration 
of wounds or inflammatory processes, and to render our results comparable from 
animal to animal, it ^Yas necessary to devise methods of traumatization which 
could be standardized for repetition. This was accomplished in several ^Ya 3 'S to 
be described below. Heat was applied in sucli a manner tliat mild first, second, 
or third degree burns were obtained at wull, the more severe burns resulting m 
necrosis. 
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The Lymphatic Cha7iges Resulting from Skin Incisions 

The eSects of cutting through the skin ivere first observed. The 
incisions were made under the binocidar microscope, so that the 
depth and extent of the wound could be accurately controlled. 

The part played by the lymphatics in the process of wound healing 
is not known. In descriptions of the phenomena of wound healing 
there is little if any mention of these vessels. How do they behave 
during inflammation? WTiat is their share in the healing of a woxmd? 
Do they become blocked like the blood capillaries when they are cut 
across? When they reconstitute during the healing process are the 
lymphatics more permeable than normal or less so? These and many 
other questions suggest themselves. 

In our experiments the lymphatics of the skin of the mouse’s ear 
were rendered \dsible by local injections of standard pontamine solu- 
tion, at various times after incising the upper surface of the ear super- 
ficially or deeply. In the majority of instances healing took place 
rapidly and the bcha\aor of the IjTnphatics could be studied during 
the healing processes. 

Mice were ancsthetued with ether and under the binocular microscope cuts 
about 1 cm. long were made half way between the tip and the base of one or both 
cars. In some cases the incisions were vcr>’ superficial, involring only the corium 
and the subpapillar>' layer at most, and in these no hemorrhage developed. Prob- 
ably only the most superficial Umphatics were severed. In other instances in- 
cisions were made deeply enough to cut the larger veins and arteries, while in 
some the upper surface was cut through to the carliiagenous plate of the ear. In 
still oilier cxx>crimcnts the cut went completely through the ear. Save in the 
animals with superficial incisions, more or less hemorrhage ensued, \'ar>'ing from 
small capillary ccch\*moses to frank bleeding of the largest vessels. 

A considerable number of mice were operated upon at one time, and at half 
hour intcrvaib for 7 hours aflcrvrards, groups of three aninuls each were ancsthc- 
xhed with luminal and Icvcal and intravenous injections of dye were made to 
render the h\ood vesreb and l\mphalics \TsibIc. On subsequent da>'S other groups 
of six to ten animals were examined in the same way until all signs of v^ound reac- 
tion h-it! di5apj>cnrcti. 

'Ihe behavior of the lymphatics after ind.rion diflcr? slrikinglv 
from that of the l.dood vcs-cls in certain respects. Wlicrc cut across 
the lymphatic channels remain open for a variable period of lime, 
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often for 24 to 48 hours or more, instead of constricting at once and 
closing as do the blood vessels. 

Many of the blood corpuscles escaping into the tissue during the hemorrhage 
after incision pass directly into tlie lymphatics tliat are laid open, and continue 
to do so for hours. Large numbers of ery throc}^tes are often found in the 
tymphatics both distal and proximal to the cut, as late as the day after making 
tlie incision. In instances showing this the b^phatics about the cut stand out 
clearl}^ by reason of the contained blood. Clotting has not occurred and with a 
micro-spatula the intratymphatic cells can be moved in either direction. In 
relation to this finding, Clark and Clark (12) in tlieir studies with transparent 
chambers in the rabbit^s ear, report that holes made in lymphatics at the time of 
operation remain open several days. 

WTien standard dye solution was injected at tlie ear margin beyond a transverse 
cut on the same day that the cut was made the channels at the periphery of the 
car filled as usual but then emptied their stained contents directl}’’ into the in- 
cision where tliey had been cut across. Fig. 1 shows a photograph of the ear of 
a mouse injected in the usual manner 5 hours after a transverse incision. The 
wound became filled with blue dye which flowed witliout hindrance from the 
severed lymphatics. In a few experiments, instead of injecting tlie incised ears 
a tiny crj^stal of dye was pushed, under the guidance of tlie microscope, into a 
minute intradermal puncture wound at the peripher}^ of the ear. The regional 
lymphatics took up the dissolving dye and within 15 to 20 minutes colored fluid 
could be seen passing from the severed bmiphatic capillaries into the incision. 
Constriction and spasm of the small blood vessels severed w^ere so immediate and 
effective, on the otlier hand, that often no bleeding occurred. 

In eight instances within half an hour to 5 hours after a superficial cut had been 
made, a drop of standard d 3 ^e solution was placed on the incision. In 3 or 4 min- 
utes colored fluid appeared in the lymphatics on both sides of the wound. Those 
distal to it tying between the incision and the ear tip filled for the distance of a 
single pear-shaped segment onty, that is to sa}^ to the nearest valve; those proxi- 
mal, extending from the incision to the base of tlie ear, drained awaj’’ dv^e solution 
toward the head. The finding was not invariable but was frequent enough to 
prove conclusively that the tymphatics were still open. Whether or not the}^ took 
up d 3 ^e seemed to depend upon whether it gained access to them through the fibrin 
clot in the wound. 

The local injections at the ear margin showed not onty that the 
severed lymphatics had failed to close but that the lymphatic capil- 
laries distal to the cut but severed by it were more permeable than 
usual. Dye began to escape through the walls of these channels wdthm 
2 or 3 minutes after it had entered them, and always many localised 
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dye ecchjTHOses were seen, as thougli the channels had received direct 
local injury, -whicli was not the case (2). In the unharmed ear stand- 
ard pontamine solution remains within the chaimels for 10 to 15 
minutes before any ^^sible escape takes place (3, 2). 

In most instances in which local injections of dye were made at the outer ear 
margin after a trans\'erse cut had been made, not only were those hmiphatic 
channels Med which drained directly into the cut, but others which skirted it at 
cither end- These intact vessels carried the dye as usual to the base of the ear 
but they also passed along some of it, by side branches, into the region directly 
proximal to the injur}’ and even discharged some into the wound itself by col- 
laterals connecting with the open h-mphatics in its proximal margin. Like the 
channels distal to the incision, the proximal collaterals showed an increased per- 
meability to standard pontamine solution, dye beginning to escape from them 2 or 
3 minutes after it had entered. Both distally and proximally to the wound, there- 
fore, the hinphatics were more permeable than elsewhere in the ear. Within 
5 or 6 minutes after an injection the margins of the cut for a distance of 2 or 3 
mm. were stained a bright, diffuse blue. 

The results of intravenous injections of dye on the same day the 
cut w^as made furnished an enlightening contrast to these findings. 

The animal gradually became blue all over save for an area of pallor in and 
about the incision for a distance of 2 to 3 mm. It was plain that occlusion of the 
severed blood vessels and spasm of those near-by prevented dye from escaping 
into the immediate region of injur}*. Just beyond the area of pallor, the blood 
vessels allowed more dye to escape than elsewhere in the car, and within 5 minutes 
after an injection the pallid incision was surrounded by a ring of diffuse blue stain 

Si.vtccn animals were examined under sodium luminal anesthesia 
on the day following incision. 


Ihcsc had received superficial cuts in one car, — extending only through the 
subpapillary layer of the corium,-“and deep cuts in the other car, reaching to the 
canibginous plate and severing the ovcrl}*ing blood vessels. In al! instances 
iKith cars ^^crc hsTvcremic and moderately edematous, with the edema most m.arkcd 
di-tal to the inebion, though definite on the proximal side as well. In such 
rcr'K'ns the c.'irs shor,e«l “pilung upon pressure” by a blunt instrument. Thev 
%urc thick, the skin tense, and x^hcn punctureri by'a sharp needle fluid cfcaiK^d, 
Tjw voutul Tir.gl^l by dilated, tortuous capillaries. 


.\ftcr inVeti 
on the d..a> V.d!.' 
t.n Tried c<'!'*rr'd 


g stan-'brd j^nr.taminc solution intradcrmally at the car margin 
^lng ind.don the Ivmphatics draining the redon filVd as usual and 
.u; 1 to a pa:r.t alvo :i 2 mm, from the indsion. In most instances 
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there was in this region a tendency for the lateral connecting channels to divert 
the d3^e to the extremities of the wound, and thence into main trunks leading 
around tlie incision toward the ear base. In four animals, though, dye solution 
also entered the wound showing that some of the severed lymphatic capillaries 
were still open. As a rule in each animal many d3^e ecch3Tnoses occurred distal 
to the wound, but not elsewhere in the ear. Even 20 minutes after injecting tlie 
ear but very little d3’'e escape had occurred from tlie l3''mphatics in the region 
proximal to the incision. In a few instances the channels distal to or be3"ond the 
cut and several millimeters from its edge were not only highty permeable while 
those proximal were not, but the former were often dilated and the latter con- 
stricted. In those animals in which d3^e solution from the lymphatics failed to 
stream directl3^ into the cut, the slightest increase in tlie pressure of injection served 
to make it do so. The resistance to the flow of dye into the wound seemed to be 
located not at the edge of the wound itself, but 2 or 3 mm. awa3" from it; for once 
dye had been forced through this region it readily entered tlie incision. 

Fig. 2 shows the result of an injection of d3’^e into the margin of an ear which 
had been incised 24 hours previousl3^ The photograph was taken '5 minutes 
after the injection. Although some d3^e entered the incision, b3^ far tlie greater 
part was shunted around it as described. The greatl3’' increased permeability of 
the l3^mphatics distal to the cut is shoivn by the abundant escape of d3"e from these 
areas. As yet no dye escape had taken place from the channels proximal to the 
wound. 

In four of the sixteen instances examined in this wa3^, d3^e solution, injected 
at the ear margin, not onl3'' streamed into the wound but passed on directl3’' tlirough 
the incised region into tlie channels beyond. A photograph of the phenomenon 
is reproduced in Fig. 3 . It shows the passage of d3"e in three cliannelseitlierdirectl3’’ 
through the incised area or perhaps immediately under it and ver3'’ close to it, 
with ecch3TOOsis of colored substance into the incision. The extreme permeability 
of the channel walls distal to the incision and the lack of proximal d3^e escape are 
plainl3’' to be seen. 

Can it be tliat actual reconstitution of tliese cliannels had taken place or were 
the3’’ mcrcl3^ injured and not severed b3'’ the cut? The question is not to be an- 
swered from a single preparation such as tlie one showm. 

To gain light upon it, the ears of six mice were incised transversel3’’ and the ear 
margin injected with d3"e. In each instance d3"e entered the incision through 
three or four channels but was not directl3^ carried be3^ond, showing that the 
l3TOph channels had been severed. Diagrams were drawn to show the distribution 
of these cliannels, with the blood vessels as landmarks. The following da3’’, 
ivhen the ears were re-examined, tlie colored fluid in the distal portion of the 
cliartcd h'mphatics had complete^" disappeared. D3'e injections were again made 
at the edge of the ear of three of the animals, inserting the needle through the 
same puncture wound and expelling dye in the same spot as before. In all, the 
same channels previoush' rendered visible b3' d3^e solution were again filled, and in 
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addition, in each ear two or more channels unseen the day before. In two of the 
three instances one or two of the l>Tnphatics which had filled on first injection 
and carried dye solution into the incision, now carried dye through this r^on 
into a continuation of the channel on the proximal side, allowing it to flow to the 
base of the ear. In the cut region profuse ecchjTnoses of dye solution took place 
immediately, and distal to the wound the l>Tnphatics allowed d\'e to escape 3 
or 4 minutes later, the normal interval between injection and dye escape being 
about 10 to 15 minutes. Proximaliy, no dye appeared outside of the hmiphatics 
in 20 to 25 minutes. 

Two of the remaining three animals were examined the next day and the last 
of them on the 3rd day after incision. In these similar results obtained save that 
with each day more channels were demonstrable traversing the wound area, and 
delivering dye solution to their continuations bej’ond. The e\'idence showed 
that the severed lymphatic capillaries reunited rapidly. 

In four other mice bearing incisions 24 hours old intravenous injections of 
pontamine sky blue demonstrated an excessive permeability of the dilated tor- 
tuous capillaries and venules about the wound. Within 4 or 5 minutes the region 
was stained a deep blue by profuse dye escape from vessels there, but not elsewhere 
in the car. No patent blood vessels entered the wound as yet. Nevertheless 
there appeared to be a rapid turnover of fluid within the indsion; for, in the in- 
stances just described, when dye was brought into the incised region from the ear 
tip by way of the l>mphatics, the resulting colored ecchjmoses in the neighbor- 
hood of the injur}' disappeared far more rapidly than elsewhere in the ear. 

In ten instances the usual routine dye test w^as postponed for 48 
hours after making the wound. The cut ears were still edematous 
and h>"peremic but the edema fluid was transparent. 

In all these animals, after local intradcrmal injections of standard pontamine 
solution at the car margin, dye failed to pass into the incised region. In six of 
the ten instances, no dye reached the margin of the wound, the Umpbatic channels 
filling to a point 2 or 3 mm. distal to the cut and piping the dye through small 
lateral channels to other larger l\-mphatics which passed around it. MTcn the 
pressure of the injection was increased slightly three or four hmphatic capillaries 
carried dye freely into the cut. 

.*\s in our earlier experiment, the resistance to fiow of the dvx toward the wound 
seemed located several millimeters distal to it and might be attributed either to 
pressure from the edema or to the cxblcncc of fibrinous plugs which were dis- 
lodged by the pressure. In four of the ten instances in which the pressure of 
injection was not increased some dye solution reached the incisions direct! v, 
colored xluid either pouring into the cut from the ends of the channels or 
I-cs’ung by way of a channel that was now intact, but, xvlth profuse ecch'.Tnoris of 
tlyc into the cut. It nxis plain that in the wound area itfelf l!:c scxtrtd Ixtu- 
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phatic channels had either remained open or had reconstituted. They had not 
been blocked. 

In all of the animals examined 2 days after making the skin inci- 
sions, the channels distal to the wound appeared much ^vider than 
those proximal, and the bulbous swellings were broader and larger. 
After entering the lymphatics dye began to escape witliin 4 or 5 
minutes wliile from the proximal channels none appeared in half an 
hour. 

The Minnie Lymphatics in Later Stages of the Healing of Incisions 

Daily, for 10 days, groups of four or five mice, taken from a number 
with ears incised at the same time, were anesthetized with luminal 
and examined for changes in the behavior of the lymphatics during 
the process of wound healing. The early findings differed but 
little from those already described, such differences as were noted 
being attributable to variations in the severity of the wounds rather 
than to the passage of time. A week after incising the skin of the 
ear edema was still present both distally and proximally to the wounds. 
The whole ear still showed moderate hyperemia. Under the binocular 
microscope many new-formed blood vessels were visible extending 
into the injured area, more of them on the proximal side. On both 
sides large numbers of tortuous blood vessels with rapid circulation 
were present, often with reversed venous flow in some of the larger 
veins. 

The introduction of dye into the lymphatics disclosed a variety of 
changes. The channels distal to the cut were still far more permeable 
than normally, profuse dye escape through their walls beginning in 
2 to 4 minutes after it had entered them. Tliis was observed 
even 12 and 14 days after superficial cuts had been made in the ears. 
At this time the skin appeared healed to the unaided e5'^e. The 
Ijonphatics appeared vndely dilated either as a whole or in segments. 
The bulbs adjacent to the valves also appeared greatly elongated 
and widened, giving the appearance of aneurysmal swellings. 

In all these experiments the region immediately next the healed 
edges of the incision w'as not entered by the dye, save in each instance 
by three or four channels W’hich transported colored fluid through 
the incision into their continuations beyond. In passing the region 
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of injuty profuse ecchymoses of dye occurred, as in the dye experi- 
ments done 2 or 3 days after incising the ears. By far the greater 
amount 'was passed into lateral channels about 3 mm. distal to the 
incision, and by them to Ijunphatics which ran around the woimd. 
Usually at the extreme ends of the incision where healing had just 
begun several trunks filled with dye and passed it on toward the base 
of the ear. 


New Formation of Minute Lymphatics in Areas of Repair 

Occasionally in animals tested on the 6th and 7th days, and char- 
acteristically in those examined later from the Sth day on, e\ddence 
of new formation of lymphatics was obtained. 


When a local injection of standard pontamine solution at the margin of the ear 
was watched under the microscope one could nearly alwa\^ observe the column 
of dye-stained bmiph ad\nncing down the hinphatics as usual. But a few sec- 
onds later, instead of stopping or being carried around the injur>% it spread into a 
close network of ver>" minute channeb, l\Tnphatic sprouts, forming a dense 
reticulum on the distal edge of the incision itself. Scarcely did dye reach these 
before it began to escape, long before any had come out from the channels in the 
uninjured portion of the ear. Within 1 § to 2 minutes the semicircle of the distal 
circumference of the incision assumed a diffuse blue. Such channels were never 
found in cars examined less than 6 days after an incision. 

Fig. Aa shows an car incised 9 days prerioush’ and now injected intradermally 
at the margin with India ink purified by diah'sis. It was amputated at once after 
injection and photographed while submerged in neutral paraffin oil. At the left 
end of the incision, one secs several channels which conducted ini: through the region 
of injury. On the right side reconstitution of channels, or a collateral circubtion 
has not yet developed. In the incision itself many vcr>' narrow, linear, parallel 
lymphatics, situated in the new tissue filling the indsion arc disclosed by ihc ink. 
Ihcy lie at right angles to the main trunl:s, ha\ing the dirccrion of the original 
cut. lliey arc better shown in Fig. Ah, an enlargement of the same spedmen. 
Unfortunately India ink, owing to its particulate character, fails to fill as many 
of the vcr>* minute I\*mphatics as a dye solution and it gives no true idea of the 
ridmess of the new-formed p!c.tu?. When standard pontamine soluU’on was em- 
ploycxl in sudi experiments it cscapcii so rapidly from the small vessels that good 
photographs could not l>c taken though the abundance of new-formed hmphatics 
was plainly disclosed. 


\Vl;cn li’xrr.linirrtion'jof dye v.crc midc, 1/2 to 3/4 cn. /rej-iVe. 
networks vi r.tr.Iy formed l;.TT;ph.it!r dpUhrics were fo-^n- 
lip. Ketroprsde {c-.^.rpe ci d>c c-cr.:r7cd rhowir.?; that the r.r.'.- 


/ to the indsion 
! in its jkToiimal 
capilbrie? verc 
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without valves. They were exceedingly permeable as sliomi by the almost imme- 
diate escape of dye. The old channels on the proximal side of the wound failed 
to allow dye to escape in half an hour. 

To study the relation of the new-formed lymphatics to regenerating 
blood vessels, the ears of 20 mice were incised in the usual way and 
after 10 days the animals were anesthetized and injected intravenously 
with 0.05 cc. of isotonic aqueous pontamine sky blue solution. Two 
minutes after the injection was completed, a local injection of 2 per 
cent vital red in the usual menstruum of 1 part mouse serum and 
3 parts Tyrode’s solution was injected intradermally at the ear margin. 
The dense plexus of new-formed l 3 nnphatics about the wound filled 
mth red dye and the newly formed blood vessels with blue. The 
two types of vessels entered the healing area about equally far and 
both were much more permeable than those elsewhere in the ear. 
In the center of the healing wounds neither new-formed blood vessels 
nor lymphatics were visible. In about half the instances the incisions 
were traversed by two or more larger lymphatics, whicli passed directly 
tlirough or just beneath them. No blood vessels appeared in tliis 
area. 


The Lymphatic Capillaries in and ahoni Burned Regions 

To study further the lymphatic capillaries in tlie periods of forma- 
tion and recovery from inflammation, advantage was taken of the 
fact that sharply localized, standard burns of similar intensity could 
be made in the skin of the ear of the mouse. 

Injury by Heat . — ^Anesthetics were used, as already described. To obtain 
comparable burns we adopted modifications of methods to applj*^ mild heat stimuli 
to the ear of the mouse (2). Several thin- walled glass water chambers were blown 
in various shapes and sizes with a flat surface that could be placed against tlie 
animal’s car. Each possessed three openings, one for the insertion of a thermom- 
eter and two for circulation of water at the desired temperature. One of tliese 
chambers possessed a flat oval surface onl\^ 3 mm. in diameter. To produce 
localized bums, hot water was circulated through tlie chambers and the cars of the 
anestlietized mice were gently held against the flat surface. By varying tlie tem- 
perature of the water of the duration of contact of the chamber witli the car, 
first, second, or third degree bums could be produced at will. 

"Stigmaiic Burns .” — Strictly localized, marked superficial burns, which %ve 
may term stigmatic bums, were obtained in another manner. An ordinarj’ bac- 
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teriological platinum inoculating wire vras heated at its mid portion by a micro- 
burner until the free tip glowed dull red. The etherized mouse lay with the ear 
resting on the tip of the index finger and the hot wire was quickly and lightly 
touched to the central part of the upper surface of the ear. Later at interv-als the 
animals were reanesthetized with sodium luminal in groups of ten, as the experi- 
ments required. 

Stigmatic bums usually healed rapidly in a few days but occasional!}* progressed 
to necrosis, resulting in a neat perforation of the ear, as though it had been punched 
out. 

The bums produced by the small water chambers and the hot platinum wire 
involved but a small part of the animars ear, at its middle. 

Changes in the permeability of the blood vessels were determined as described 
earlier in the paper. To test l>’mph permeability, standard pontamine solution 
was employed in the usual manner. 

The local injections of standard pontamine solution into the tissue at the margin 
of the ear resulted in its entrance into those l>*mphatic capillaries which lay in 
uninjured tissue but which passed through the burned regions and emerged again 
into normal tissue. Other channels not directly involved in the bum but sur- 
rounding it, both near and remote, also took up the dye solution. Control 
observations were made by injecting the uninjured ears of the same animals. 
As the processes of repair yvere often protracted, dye injections were made soon 
after injury in some instances, in others at half hourly mter\*als up to 6 hours, — 
and, finally, at daily inten-Tils up to 10 days or 2 weeks. Alwa>-s before injecting 
the standard pontamine solution, the condition of the circulation of the ear was 
determined under a binocular microscope. The mice lay in plastalenc moulds 
vith the cars lying horizontally on porcelain placqucs and illuminated as prc\nously 
described (3, 9). 

Experiments were done on four scries of mice with the water chamber at 
46.0'', 53.0-55.0’', 59.0-<j0.0"', and 67.0*C., respectively. In yet another large 
series of animals stigmatic bums were produced. It was found that increasing 
degrees of heat or a longer application simply Increased the severity of the reaction. 
When the bums were severe enough to cause permanent arrest of blood flovr the 
lesions progressed to necrosis within 36 to 48 hours. Sucli bums almost in\’ariablv 
followed application of the chamber to the car for 1 minute with TOter circulating 
at 59.a-60.0X., or for as short a period as 20 seconds with the v;*alcr temperature 
at 67T. 


WTcn a small spot of skin on the mouse's car approximately 3 to 5 mm. in 
diameter w.ns heated at 55X. for approximately 1 minute moderately severe bums 
rc 5 uhcti. In the sharjdy localized region of injury circulation in the smaller 
w.'i? stopper], and often. c\'cn in the brgest radial veins and arteries. IjLxkI 
flow cca<<Hl temporarily. .\ few seconds aftenvards a reactive h>*pcrcmia occurrcfi 
alxrjt the hcr.tc<l area, ^^hkh in 2 or 3 minutes extended over the whole car. 
After a few minutes, pnmounaed edema formed in and about the burn, th.at h to 
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say the ear became thicker there, the skin tense, and, to a blunt needle, there was 
* ‘pitting on pressure.’* Puncture with a sharp needle led to the escape of fluid, 
and under the binocular microscope the edematous area assumed a ground glass 
appearance. 

The Immediate Effects of Severe Burns , — Wlien standard pontamine 
solution was injected into the outer margin of the ear, a few minutes 
after heating an area midway between the tip and the base, an extra- 
ordinary increase in the permeability of the walls of tlie l 3 TOphatics 
in the burned area was manifest. Dye passing into them from the 
normal channels nearer the margin at once escaped through their 
walls into the surrounding tissue. 

Fig. 5a shows the escape of dye from the lymphatics in a burned area onb*^ 2 
minutes after dye injection into an ear submitted to the water chamber at 55° 
for 40 seconds, 8 minutes previously. Such contact usually resulted in a third 
degree burn with temporary stoppage of tlie circulation for several hours and severe 
edema. 

The region of dye escape from the channels coincides with the burned area. 
From tlie l>anphatics in the uninjured portion of the ear there has been no escape 
of dye. In Fig. 56 the same preparation is shown 2 minutes later. Much more 
colored matter has now escaped from the channels in the burned area and it is dis- 
tributed more widely. 

In ten instances dialyzed India ink was injected together with 
standard pontamine solution into the margin of ears which had been 
burned in the same way. Although dye escape in the injured region 
was prompt and abundant the ink particles failed to pass out and the 
lymphatic capillaries were clearly defined by it. 

Fig. 6 illustrates the immediate findings in a burn of lesser degree when there 
had been time for the formation of edema. The water chamber at 55°C. 
was in contact with the ear for 20 seconds. An hour later the standard pontamine 
solution was injected, the photograph being taken after another 4 minutes. The 
area of the burn, which corresponds with that of the escape of dye from the lynx- 
phatics, was alread}" edematous, 3'et the channels penetrating it carried much of 
their contents into the uninjured tissue beyond, where no d3^e escape from the 
lymphatics occurred. Ink escaped from none of the lymphatic channels of such 
burned areas. 

When the chamber containing water at 67°C. was applied to the 
ear of the mouse for 30 seconds or more, or when the ear was touched 
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When dye escapes from lymphatic capillaries which lie outside an edematous 
burned area the diffuse blue color it gives to the tissue does not extend into tlie 
burn. When, however, dye is carried by a lymphatic into the edematous area, 
it escapes readily from the containing vessel. The edema fluid would seem to be 
partly made up of tymph which has escaped from lymphatic capillaries traversing 
the injured region. 

Figs, 7a and 76 are photographs of an ear taken 3 and 8 minutes, respective!}", 
after a marginal injection of dye. Three hours prior to this a tliird degree punctate 
burn was made (tlie water chamber for 45 seconds with water at bO'^C.). In the 
first photograph, taken only 3 minutes after injecting tlie ear, the pale region of 
the burn had become edged with blue d 3 "e owing to escape from tlie lymphatics at 
its edge. A single large one carries dye directI}" through the burn itself and the 
dye escaping from it has merged witli that from tlie ecch^TOoses on tlie right. The 
second photograph taken 5 minutes later illustrates the progress and extent of dye 
escape. After burns such as this the entire ear structure remains hyperemic for 
several da 3 "S. CapiUar}" dilatation in the region surrounding the burn is pro- 
nounced and the edema progresses until the ear ma}" be hah a centimeter thick. 
Under the microscope the blood vessels appear as if seen through ground glass. 

Heating the skin to 67°C. for 15 seconds frequently gave rise to 
blisters. If dye was injected into the ear margin just beforehand, a 
very pronounced escape of dye took place from the l}anph channels. 
The extravascular movement of dye under these circumstances was 
almost immediate, and it frequently extended several millimeters from 
the channels. The observation suggests that ordinary blister fluid 
is formed not only from vascular transudate but from a l 3 ^mphatic 
one as well. 

The findings as a whole furnish evidence for the participation of the 
lymphatics in the formation of and recovery from edema, confirming 
the observations of an earlier paper (2). Further work on this 
theme is now in progress. 

The Lymphatics in the Early Stages of Restoration and Repair of 

Superficial Burns 

Under etlicr anesthesia, stigmatic or contact third degree burns were made on 
one car of a large number of etherized mice. Each da}" thereafter groups of eight 
or ten animals were anesthetized witli sodium luminal and a d 3 "e injection made 
intravcnousl}' or into the ear margin. As controls the normal cars of the same 
animals were used. 

The findings during recover}" from both t}"pes of burns were so similar that no 
attempt will be made to distinguish between them. 
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Twenty-four hours after the formation of stigmatic bums, each was 
surrounded by an area of pronounced hyperemia and edema. Under 
the binocular microscope the whole ear showed a mild reactive hA^Der- 
emia with dilatation of capillaries and venules about the bum and 
severe edema at the margin of the latter. Stasis in the blood vessels 
round about varied in degree, but in all instances the region of actual 
injury was ischemic. 

In these instances and in experiments to be detailed there were many findings 
similar to those occurring after incision of the ear. After a bum, as after incision, 
there was a strong tendency for dye injected at the ear margin to be carried around 
the region of injur\’ by numerous enlarged i\Tnphatic channels. During the first 
24 hours after the injuiy' these, when they contained dye, showed a greatly in- 
creased permeability, vnth profuse ecch>7notic dye escape wherever a Umphatic 
approached the injured region itself. 

Occasionally, brnphatics transported colored fluid directly into and through the 
burned areas as through incisions. Though the areas were edematous, dye escaped 
so rapidly into them that one might doubt the e.ristence of hanphatic walls, were it 
not that India ink did not escape. However, in most cases the channels surround- 
ing the bum led most of the dye around it. Those immediately next the bums 
seemed to terminate in blind ends which may have been dosed, perhaps by heat 
coagulation or thrombosis. Only when the injections were made 'nith some 
pressure was colored fluid forced into the bum itself. Then, if such a bum had 
been made 2 to 6 days preriously, the h*mphatics failed to carry dye completely 
through it into the proximal normal tissue, but instead an ecch\Tnosi 3 of dye re- 
sulted within the injured area itself. 

A further similarity in the reaction of h-mphatics after injuiy by bums and 
incision was obscived in the fact that 24 to 30 hours after burning the car the 
lymphatics proximal to the bum appeared as sharply outlined bands sho^ung no 
cscni^c of dye into the surrounding edematous tissue, even 20 to 25 minutes after 
an injection. Tlic color within the channels became rapidly paler as lliough the 
contents had been diluted and cleared by an intake of fiuid. Instead of the ex- 
cessive escape of dye from the Umiphatics within the bum and distal to it, there 
was nn apparent failure of dye escape in the proximal tissue. 

T/:c Lymphatics it: the Later Stages of the Ilcalifig of Burns 

Two (lays after a burn had been made, the lymphatics which fdled 
most readily, tliat is to say those which skirted tlie burn, lay v.dthin 
the In-jKTcmic area surroundin,!: the injury. Little or no apparent 
escape of dye occurred from ib.em, although they were usually somc- 
v.h.at ddated. The ccintents veere more r,ap;d!y carried awav liuin in 
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normal channels^ to judge by the fading of the blue color within them, 
and without visible dye escape. The few ecchymoses which did occur 
in the region disappeared in 10 to 15 minutes, but distal to the injury 
they often persisted for several hours. The observation afforded 
further evidence of an increased lymphatic turnover going hand in 
hand with h 3 ^eremia and increased vascular permeability. 

In five instances this last was easily demonstrated by intravenous injections 
of d3^e solution. Dye poured from the dilated capillaries and venules about tlie 
burn long before it escaped in quantity elsewhere in the ear. As result a bright 
blue ring about 4 mm. thick was formed surrounding the colorless area of injury. 
Fig. 8 shows the result of such an experiment, photographed 4 minutes after the 
intravenous injection was made. 

On the 4th day, local and intravenous injections of dye into such 
animals yielded findings similar to those just reported. 

The blood vessels seemed still to be more permeable than normal, judging b}^ 
the rapidity of dye escape, but one could not say whether this was due to a more 
permeable state of the vessels or to an increased supply of stained blood. The 
lymphatics too were more permeable than normal in the region distal to the burn, 
and here they seemed wider than those proximal to it. When dyes entered the 
channels completely surrounding the burned area, profuse escape occurred distally, 
forming a blue cresent of diffuse staining. The proximal lymph vessels seemed 
less permeable than normal, for within half an hour after their injection the blue- 
stained contents had become pale, without showing an}^ visible escape of dye. 
Whether the failure of dye escape is due to decreased permeability of their walls 
or to brisk fluid movement into the vessels from without cannot be said. In 
either case the phenomenon shows drainage of the tissues by tlie lymphatic 
capillaries. 

The findings in no way differed 5 days after producing the burns 
but by the 6th and 7th day the inflammation seemed to have sub- 
sided. No longer was there evidence of hyperemia in the ears, save 
for a few dilated capillaries immediatel}^ about the injured area. The 
edema had resorbed, leaving only a small swollen region in and about 
the burn, wliich by this time had become indurated. Nevertheless 
the usual local injections of pontamine solution showed the l 3 unphatics 
to be still excessively permeable. Between the burned area and the 
ear margin numerous local ecchymoses of dye occurred, as profusely 
and rapidly as on the 1st and 2nd day after injury. 
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New Formation of Lymphatics within Burns 

By the 7th or 8th day oi healing evidence was obtained of new 
fonnation of Ijonphatic capillaries, as in our experiments with incisions. 

^^^ 2 en dye injected at the ear margins reached the burned areas, some of it 
entered a dense, ramifjdng, twig-like plexus of hmiphatic capillaries within the 
distal edge of the bum itself. Some dye passed through in large channels, the 
remainder was carried around the injury. Fig. 9 shows such a new-formed 
network about a bum 9 days old. The photograph was taken 2 minutes after 
injection of the ear with a suspension of India ink. Only a few of the fine, hair- 
like projections extending into the new-formed tissue are \dsible; for ink suspen- 
sions did not rield a complete injection of these vessels. 

To show the relationship of the new lymphatic capillaries to blood vessels 
intravenous injections of pontamine blue solution were followed in 1 or 2 minutes 
b^^ injections of vital red in the ear tissue, as in our earlier work with incisions. 
The findings were so much alike no separate description will be given. 

Similar experiments were made during the later stages of healing. 
Lymph channels were found completely traversing the bums. The 
sequence of events when dye was introduced into them has already 
been described. 

DISCUSSION 

In our previous papers attention has been called to alterations in the 
permeability of the lymphatic walls occurring imder the conditions of 
the everyday life of the animal. Even very’’ mild thermal and chemical 
stimuli result in the escape of substances of large molecule, for example 
hemoglobin, which are retained within the lymaphatics of an unharmed 
ear. On the other hand true particulate matter, for example India 
ink, fails to escape, showing that no lacunae exist in the lymiphatic 
wall. In the present paper we have reported upon the changed 
conditions in the lymphatics following incision and frank injury of 
other sorts. Profound alterations in the permeability of lymiphatic 
walls, in and about these injured regions, speak for an active participa- 
tion of the lymph sy'stem in the changed processes of fluid exchange. 
What can be inferred concerning the role of the lymiphatics during in- 
flammation and repair? 

Our c.xperiments make plain the fact that, like the blood vessels, 
the hTnphatics respond to injury^ first by pouring their contents into 
the region involved. During the first few minutes or even hours after 



496 


SKIN LYMPHATICS IN REPAIR OF LESIONS 


an injury the permeability of the lymphatic wall is enormously in- 
creased without loss of its anatomical continuity, at least under the 
conditions of the experiments described. The most indiffusible vital 
dyes pass out readily but ink particles are retained. The lymphatics 
are so permeable that it is difficult to suppose that they can still 
function as channels for the conveyance of fluid. That they fail to 
do so adequately is indicated by the developing edema. The lym- 
phatics are rendered more permeable for a considerable distance around 
the immediate region of injury. Inflammatory edema is obviously 
due to a change in the lymph vessels as well as in the blood vessels. 
The nature of the various changes is not understood. Soon after a 
burn the lymphatic capillaries distal to the wound appear dilated and 
those proximal eitlier constricted or normal, — the former more per- 
meable than the latter. The increased permeability may follow 
dilatation. Yet obvious changes in permeability have been observed 
which appear to be functional and not anatomical. Thus, the lym- 
phatic capillaries, skirting a burn or wound and not directly affected 
by it, neither dilated nor constricted, are usually for the first 48 hours 
much more permeable than normal. 

Our work indicates that the brief isolation of a skin region following 
injury, an isolation resulting from the excessive permeability of both 
lymphatics and blood vessels, is first lessened when the l)miphatics 
begin to function again. Their severed ends, unlike those of the blood 
vessels, remain open and lead away fluids from the wound. The fact 
that lymphatics remain open and the blood vessels closed in an incision 
goes far to explain the frequent infection by way of the Ijrmphatics. 
Soon after an injury in the skin of the ear, the lymphatics lying be- 
tween the head and the injured region regain their normal permeability 
and apparently function as draining and conducting channels. 
Through these and not tlirough the blood vessels resorption from the 
wound first begins. Through the lymphatics toxins or noxious prod- 
ucts of disintegration are first carried away to be sieved or passed 
through tlie l)’-mph glands before reaching the body at large. The 
evidence for this fact, though by no means complete, is sufficient. 

In this connection, it should be recalled that we have been dealing 
with a ty^pc of lymph drainage slightly different from that in human 
skin. The car of the mouse is very thin and both tlie superficial and 
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deep plexuses of lymphatics lie close to the surface. As result the 
lymphatics usually injected he in the deeper plexus. It is possible 
that the current in these channels is more rapid than in the superficial 
lymphatics of the skin of man, that is to say, the lymphatic capillaries 
which become fiUed by intracutaneous injections of dye (1). There 
results in the mouse ear a l 3 Tnph airrent just beneath the epidermis 
which probably does not exist in the human skin, for there the intra- 
dermaUy injected dye passes, after running 2 or 3 cm. in the superficial 
channels, into a deeper layer (1). However this may be, the fact 
should be stressed that the lymphatics injected in these experiments 
with mice probably correspond in function with the deeper plexus 
found in the subcutaneous tissues of man, lymphatics which are suffi- 
ciently superficial to be involved by any cut causing hemorrhage, or 
by a third degree bum. In these deeper lymphatics in man there is, 
of course, a considerable flow (1). 

The walls of the lymphatics directly draining a burned or incised 
area, after having at first been abnormally permeable, within 48 hours 
after the injury became far less permeable than normally for diffusible 
substances. At this time intravenous injection of d 5 'e shows the blood 
vessels in the injured region to be still abnormally permeable and, 
owing to hydrostatic conditions, they must still be adding to the 
accumulation of tissue fluid. The tissue is edematous and rapid con- 
tinuous passage of fluid must be taking place through the lymphatics, 
for dye solution placed within them quickly pales and is swept away. 
In the later stages of healing, 48 to 72 hours after an ear injury, there 
is a definite tendency for Ijmph peripheral to the injured spot to flow 
around it, instead of through it. Dj'e injected into the distal channels 
is carried to a point close to the injury and then is shunted around it. 
It is as though the lymphatics were obstructed by wound materials 
or perhaps plugged, as has been suggested by Menkin (13) in his work 
upon blood vessel changes in large areas of inflammation. E\ndence of 
a participation of the lymphatics in repair is seen in their tendency' to 
rapid reconstitution and a new formation of them not only in the 
regions where they have merely been severed but where they' have been 
injured or destroyed by' bums. 

Great numbers of new lymphatics were seen in the regions recovering 
from bums. WTien the latter had been severe enough to cause necrosis 
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of the ear and perforation many new tiny lymph capillaries were found 
in the granulation tissue of the healing margins obviously taldng their 
place in actively growing tissue. But in the tissue far removed from 
the healing margins, though stiU within the burned or incised regions, 
as shown in Figs. 4o- and b and Fig. 9, many more l^nnphatic channels 
became visible after dye injection than in similar areas of normal ear. 
As the photographs show, some were large and- some small. In an 
earlier paper (3) we have shown that the superficial l3Tnphatic plexus 
is only partially filled bj’’ dye injections, that just as Krogh has shown 
for blood capillaries, small lymphatics temporarily closed and invisible 
may be teased open to allow dye to enter. As result one cannot say 
whether the excessive number of dye-fiUed Ijnnphatic capillaries in 
the burned area signified a new formation of channels or a flooding 
of the entire Ijrmphatic plexus, usually but partially visible after intra- 
dermal injection of dye and now entirely filled in a tissue engaged in 
active fluid exchange. When such burns were examined several da3’^s 
later, the number of dye-containing l3Tnphatics had decreased to the 
normal number. Whether the channels were cut off or had closed 
down in a relative period of rest, cannot be said. 

The observation that new collateral lymphatics can form is of course 
not new. It occurs after ligature of the thoracic duct (14, 15) and of 
large l)Tnphatics of the limbs (16). Regeneration of Ijunphatics in 
the ear of the rabbit has also been demonstrated (17) as further 
their growth into granulation tissue (18). Union of l3Tnphatics has 
been described by E. R. Clark (19) in the tadpole’s tail and b3'^ Clark 
and Clark in transparent chambers in the rabbit’s ear (20, 12). 

In the past the speed with which a new formation of l3anphatics 
occurs has not been recognized nor has it been appreciated that l3^in- 
phatic drainage may be instituted from areas of repair before drainage 
takes place by way of the blood vessels. 

SUMMARY 

With the aid of solutions of vital d3'^es the l3Tnphatic capillaries in 
the ear of the mouse have been studied during the period of immediate 
reaction to injuries of various sorts and during the period of repair. 

The behavior of 13’^mphatics severed b3^ incision differs greatl3’’ from 
that of the small blood vessels. Instead of closing they sometimes 
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EXPLANATION OF PLATES 
Plate 28 

Fig. 1. Photograph of the ear of a living anesthetized mouse, injected at tiu 
ear margin with standard pontamine solution, 5 hours after a transverse incision 
had been made in the skin of the upper surface. The d^^e entered the lymphatics 
of the injected area and gradually extended along them to escape from tlieii 
severed ends, filling the wound with blue dye. X6. 

Fig. 2. The result of an intradermal injection of standard pontamine solution 
into the margin of a mouse’s ear, which had been incised 24 hours prior to the 
injection and photographed 5 minutes after it. The blood vessels and lymphatics 
had been cut through. Some of the dye reached and entered the incision but 
most of it was shunted around it as described in the text. The lymphatics are 
markedly permeable distal to tlie incision, as indicated by the abundant dy^e escape 
there, and much less so proximally, XlO. 

Fig. 3. Lymphatics in the incised ear of a living mouse photographed 5 minutes 
after an injection of standard pontamine solution. The incision was made tlie 
day before and is easily seen in the photograph. Three lymphatic channels have 
conducted colored fluid past the incision into the tissue at tlie base of the ear. In 
doing so much dy^e has escaped, either into it or just beneath it. The increased dy^e 
escape distal to the incision, and the lack of escape proximal thereto is also well 
shown. XIO. 

Fig. 4a. Demonstration with India ink of the lymphatic plexus about a 
healing wound. Nine day^'s previously the skin had been incised; healing was 
progressing well. Immediately after a marginal injection of ink the ear was 
amputated and photographed under neutral paraffin oil. On the left side of the 
incision several lymphatics are seen carrying ink eitlier directly tlirough tlie 
healing incision or just beneath it. In the injured area a few very fine lymphatics 
can be made out. Linear and parallel, they^ lie transversety in the healing incision 
itself. XlO. 

Fig. 4i. An enlargement of the same specimen. In this figure tliese newly^ 
formed lymphatics are seen to better advantage. X40. 

Plate 29 

Fig. Sa. This photograph shows the escape of pontamine solution into a burned 
region. Eight minutes prior to taking the photograph a chamber containing water 
at a temperature of 55®C. was brought into contact, for 40 seconds, with an area 
midway between the tip and base of the ear. SLx minutes later the dy^e injection 
was made near the tip and 2 minutes later the photograph was taken. The area 
of dark, fuzzy escape of dye along the lymph channels coincides with the area of 
the burn. Elsewhere no dye has passed out. X9. 

Fig. 5b, The same preparation 2 minutes later, that is to say" 4 minutes after 
the injection. In the unharmed car standard pontamine solution docs not begin 
to escape from the lymph dianncls for 10 to 15 minutes. X9. 
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Fig. 6. Ear burned in a spot midway between the tip and the base by 20 seconds 
contact with the water chamber containing water circulating at 55.0®C. One 
hour later standard pontamine solution was injected at the tip of the ear and 4 
minutes afterwards the photograph was taken. The hmiphatics, though allowing 
some escape of dye into the burned region, where it colors the edema fluid, have 
transported much of it into the proximal, normal tissue. X20. 

Plate 30 

Figs. 7a and lb. Two photographs of the same preparation taken 3 and 8 
minutes respectively after a local injection of pontamine solution at the margin 
of the ear. Three hours prior thereto a severe third degree punctate bum had 
been made midway between the tip and the base of the ear as described in the 
text. 

The rapid dye escape from the hunphatics dose to the burned region is shown 
and the fact that the latter is almost unstained. A large channel traversed it from 
which dye ecchjTnosis occurred after a time. X6. 

Fig. 8. A photograph of the ear of a living anesthetized mouse 2 da 3 's after a 
stigmatic bum had been induced on its upper surface as described in the text. 
Four minutes prior to the photographic exposure the animal received intravenously 
0.05 cc, of 21.6 per cent aqueous isotonic pontamine skj" blue solution. 

The increased permeability of the smaller blood vessels is evidenced by a ring 
of intense color about the bum, while elsewhere in the ear very little dye has 
escaped. At the center of the burned area there is some slight difluse 
staining, X6. 

Fig. 9. The ear of an anesthetized mouse inj'ected with a suspension of dial>-zed 
India ink in 5 per cent gelatin solution 9 da\’s after a stigmatic bum. One minute 
after the injection the ear was severed, placed under neutral paraffin oil, and photo- 
graphed after another irunute. The bum had caused a complete perforation of 
the ear which at the time of the inj'ection was gradually being closed b}- granulation 
tissue. Several very small new-formed l\Tnphatics can be seen in the new-formed 
tissue and about the heahng bum there is an abnonnalJy rich plexus of Ixinphatfcs 
many of which are ver>' smalL X6. 
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IRREVERSIBLE CHARACTER OF THE LATE CHANGES 
AFTER HEPATECTOIMY 
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Death invariably follows extirpation of the liver in ma mm als. The 
first s)rmptoms which arise are due to hypoglycemia, and vanish upon 
administration of glucose (1-5). For several hours, if sugar is given, 
the animals show no symptoms but later, despite all treatment, a 
second clinical stage develops, characterized by ataxia, weakness, 
coma and respiratory failure and ending in death (4, 5). The se- 
quence of events is the same in the rabbit as in the dog (6“8). As the 
cause of the fatal issue is unknown, the work to be reported here was 
undertaken in an attempt to gain insight into it. We have endeavored 
to learn whether rabbits manifesting the symptoms of the advanced or 
^'second stage” of liver insufficiency can be aided by the circulation 
of their blood through the livers of healthy animals or by cross- 
transfusion \nth normal animals. A preliminary note based upon 
some of this work has already been reported elsewhere (9). 

Results of Circulating the Blood of Liverless Rabbits through a Normal 

Liver 

Co7ilrol Expcrmc7its . — ^Before attempting experiments with hepatectomized 
animals, trials were made ^vith etherized normal ones. A carotid arter>’ and exter- 
nal jugular vein were connected ^^nth the portal vein and hepatic vein respectivcb" 
of the freshly removed livers of other rabbits and the blo^ was allow^ to run 
through the organ for periods ranging from 2 to 6 hours. The technique will be 
described below. During the tests flow was free through the livers and the current 
in the intralobular capillaries could be observed with a microscope. The large 
amounts of bile secreted by the transfused organs gave cvndcnce of their functional 
integrity. Sections of the hepatic tissue taken at the end of the experiments 
showed no changes from the normal appearance; and the healthy rabbits which 
furnished blood showed no ill cflccts whatever. 

W c next endeavored to determine w’hether the passage of liverless 
animals’ blood through the liver of a normal rabbit vrould bring about 
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observer vras in constant attendance upon the animak, the temperature was 
regulated by turning the light on or off. 

From time to time the pupillar>* and musculo-motor reflexes were examined. 
At these times, before the second stage s>Tiiptoms of liver deprivation had begun 
they were normal, and the puke, respiration and temperature, recorded at intervak 
of a few minutes through all the experiments, were normal too. 

^Vhile the liverless rabbit was still in the first stage, blood specimens hrom four 
male rabbits of about the same size were taken and examined for cross-agglutina> 
tion vdth the blood of the iiverless animal. From amongst the four, three donors 
with compatible blood were readily selected. Incompatibility is rare in rabbits. 

The approach of the second stage after hepatectomy was usually first detected 
by a change in the animak’ posture. During the first stage hepatectomized 
rabbits receiving the necessary injections of dextrose sit as do normal animak, 
with elevated head and the paws drawn well under the body. At the approach of 
the second stage one notices a drooping head and the paws tending to sprawl 
apart. The animak seemed startled when touched and soon showed ataxia if 
placed on the floor and allowed to move about. 

With the development of these early signs in the liverless animal with blood 
sugar artificially maintained at a high level, two of the selected donors were bled 
30-35 cc. The blood was defibrinated and placed in a water bath at 39°C- I\Tien 
a short time later the signs of the second stage of liver insufficiency bad become 
clearly manifest in the liverless animal a third, freshly fed donor rabbit was 
anesthetized with ether and injected intravenously with 5 cc. of 1 per cent heparin 
solution. Paraffined cannulae, filled with the defibrinated blood and plugged, 
were swiftly placed in the portal vein above the juncture with the splenic vein and 
ako in the vena cava just above the entrance of the renal vein. A third cannula 
was inserted into the bile duct after tjdng and cutting the mystic duct The thorax 
was then opened and a ligature rapidl}" thrown about the inferior vena ca^-a above 
the diaphragm. The liver, with cannulae in place in the extrahepatic portions of 
its vessck, was removed together with the portion of diaphragm surrounding the 
vena ca\-a. The whole was immediately submerged in a bath of warm paraffin oil 
at 39^C. contained in a soft basin of rubber dam tksue fixed ^sithin the rim of an 
iron ring-stand. At once thereafter the cannulated carotid arterv' of the Iiverless 
rabbit Vi'as connected unth the portal vein cannula of the liver preparation, and the 
jugular was hitched to the inferior vena ca\'a. Thk \%'as done by means of short 
paraffined rubber tubes vrhich, together vdth the cannulae, were filled with defibrin- 
alcd blood and clamped. The tube leading from the carotid arterv* bore a side 
arm connecting with a mcrcan*’ manometer for blood pressure readings. 3 cc. of 1 
per cent heparin solution was added to 15 cc. of blood from one of the donor 
rabbits and the tube filled with this and clampvcd between the manometer and the 
liver preparation. Now, 25 cc. of the blood of the first or second donor rabbit v/as 
slowly injected through the rubber tubing beyond the clamp in the direction of the 
portal vein of the liver prcparaU’on, together with 5 cc. of I per cent heparin 
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solution. This was done to charge tlie liver preparation mtli blood, thus prevent- 
ing subsequent loss of blood from the liverlcss animal into it. No fall in blood 
pressure of the hepatectomized animal resulted when heparin was injected first 
into the liver preparation and distributed to the blood in this way. The clamp 
on tlie vena cava-jugular vein connection was released and at once a flow of blood 
occurred from the liver toward the hepatectomized rabbit. The remaining clamp 
on the carotid arter^^-portal vein connection was next removed and circulation 
through the excised liver commenced. As result the arterial blood passed through 
the portal vein to tlie liver lobules, and reaching the vena cava by way of 
the hepatic vein, entered tlie liverless rabbit once again. The upper end of 
the vena cava had been ligated and so too had the hepatic artery. Excessive 
flow of blood from the carotid arterj’^, with resultant distention of the liver witli 
blood, was prevented by partial occlusion of the tube attached to the carotid 
cannula. The temperature of the oil bath containing the liver was maintained 
at 38~38.5°C. by constantl}'' stirring in additions of paraffin oil at 40.S°C. and 
draining an equal quantity from the basin. The liverless rabbit remained on 
the warm pad under the canopy of cotton wadding. Pulse, temperature and 
respiratory rate were constantly observed. 

Blood flow was usually visible in the cannulae but at intervals the occurrence 
of flow through the liver was confirmed by pinching the tube leading to the jugular 
vein. Under these circumstances the livers filled with bright blood in about 20 
seconds when full flow from the artery was permitted, and emptied in 40 seconds 
when it \vas cut off. Bubbles of lymph were seen escaping from the cut lymphatics 
of the liver, under the oil, and bile was copiously secreted, as shoAvn by tlie flow 
from the cannula in the bile duct. In the four experiments of this nature the 
livers were transfused from 1-J to 4 hours. To terminate tlie transfusion the 
connecting tubes w^ere simply cut and plugged, avoiding all traction on tlie cervical 
nerves. A blood specimen of the hepatectomized animal was then taken at once 
for sugar determination and an intravenous injection of warmed isotonic glucose 
w^as given without awaiting the blood sugar findings. The pupillar}'* and musculo- 
motor reflexes w^ere examined and the animal was observed for ataxia, wealoiess, 
blindness and other S 3 TOptoms of second stage liver insufiicienc 3 \ It was kept 
on the warm pad until death occurred, given ample glucose, and pulse, temperature 
and respiration were observed at short intervals. Careful autopsies were performed 
to determine wdiethcr hemorrhage, insufficient collateral circulation or ^ny cause 
of death could be found, other tlian absence of the liver. Blocks were taken from 
the different lobes of the donor liver. Invariabb'' the sections from tlicsc were 
completely normal in appearance. 

The transfusion of the blood of the liverless animals through normal 
livers produced no clinical improvement whatever, although the 
functional integrity of the donor liver was evidenced both by the 
formation of much normal looking bile during the experiments and by 
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the lack of histological change of the hepatic tissue. In each of the 
experiments some 6-8 cc. of clear green bile was obtained from the 
cannula in the bile duct. Furthermore, the flow of blood through the 
transfused livers was always excellent. As soon as the liver trans- 
fusion was begun the donor liver became bright red and swollen; 
but the blood coming from it was distinctly darker than that entering. 
Partial occlusion of the recipient's carotid artery produced prompt 
reduction in the liver's size and a change in color to a darker hue. 

Cross-Transfusiojis bdween Normal and Liverlcss Animals 

Since ‘fliver transfusion” failed to ameliorate or reverse the symp- 
toms of advanced liver insufl&ciency it seemed wise to resort to cross- 
transfusions between liverless animals and intact normal ones. This 
procedure introduces many influences not present in a ^fliver trans- 
fusion;” and if it were carried out soon enough after hepatectomy 
there should be no reason for the liverless rabbit to develop any in- 
sufficiency. We purposely delayed it until the second stage of liver 
insufficiency had set in. Under these circumstances an opportunity 
was provided for amelioration through an elimination of toxic sub- 
stances by way of the intact liver and the excretory organs of the 
donor. One was also afforded for the obser\’’ation of possible effects 
of the cross-transfusions upon the donors, from which one might infer 
the accumulation of toxic substances in the blood of the liverless 
rabbits. In many ways the symptoms of the rabbit d3dng of liver 
insuflicicnc}^ suggest that there exists a toxic depression of the central 
ncr\'Ous system (4). To explore this possibility some of the cross- 
transfusions were so carried out as to prevent the dilution of the 
recipient's blood before it should reach the central nervous system of 
the donor. In these, as will be described below, the blood leaving 
each animal from a cannula in the proximal end of the carotid arteiy^ 
entered the circulation of the other through a cannula situated in the 
distal end of the carotid. In the ordinary^ experiments cross-trans- 
fusions were performed from the carotid artery^ of one animal to the 
jugular vein of the other and vice versa. 

CorJrc! Ex pcr{tr.cn!s, --Four cross-transfusions between pairs of equal sized 
normal rabbits were performed under ether anesthesia. In two experiments, 
after testing the bloods of the prospective partners for compadbility, parafhned 
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cannulae were inserted in the left carotid arteries and left jugular veins of each 
animal and connected short parafBned rubber tubes 3 cm. in length in such a 
way that the carotid blood of one animal flowed into the jugular vein of the other. 
In the other experiments two cannulae were placed in the left carotid artery of 
each of the animals and connected by rubber tubes in such a way that blood flow 
from the proximal end of the carotid artery of each one passed into the distal end 
of the carotid of the other. To prevent clotting in the cannulae prior to the 
transfusion they were filled with heparinized blood and stoppered as in the 
previous work. 5 minutes before each experiment was begun both animals 
received intravenously 3-5 cc. of 1 per cent heparin solution. The cross-trans- 
fusions were allowed to continue 1, 2, 3 and 4 hours respectively. No un- 
toward symptoms developed. Only insignificant changes in pulse and respira- 
tory rate were observed. In one of the experiments the effect of bleeding one 
animal into the other and mce versa was repeatedly tried, b}'' temporarily clamp- 
ing the carotid artery of one. When the blood pressure of the bled animal fell 
to about 10 mm. of mercut}^ that of the other rose but 15-20 mm. above its 
‘^normaV^ under the conditions. Both pressures returned to the previous level 
when the cross-flow of blood was again permitted. 

Cross-transfusions were next carried out between normal rabbits 
and liverless ones in the second stage of liver insufficiency. The 
liverless animals at times showed slight improvement, perhaps owing 
to better circulation of the blood, for the skin often became more pink 
and warm, but, though the cross-transfusions were continued, the 
animals lapsed rapidly into their previous state. 

Methods and Technique 

Rabbits of 1800-2000 gm. were submitted to a preliminary operation (7) to 
develop collateral circulation about the liver, and later, under ether anesthesia, 
the liver was removed and two cannulae inserted in the vessels of the neck. Botli 
were placed in the same carotid artery in some experiments, one directed toward 
the heart, the other toward the head; and in other experiments one in the carotid 
arter)% toward the heart, the other in the jugular vein. They were filled with 
10 per cent sodium citrate solution and closed off with pieces of glass rod as usual. 

Save where special mention is made the further postoperative treatment of the 
liverless animals was as in the previous work. Warmed glucose was given by 
mouth the first night after operation and on the following da}’’ intravenously, 
frequent blood sugar determinations serving as guide to the amounts to be given. 
As routine, but more frequently than in the instances used for ^'liver transfusions/' 
the blood pressure of the animals was taken from the carotid cannula, — at hourly 
or half hourly intervals, — to determine the pressures at which the later cross- 
transfusion should^be done. 
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For the transfusion two donor rabbits of about the same size as the liverless 
recipient were selected by cross-ag^utination tests for compatibiKt^f , From one 
40-50 cc. blood was taken with light ether anesthesia from the carotid arter>% 
aseptically dehbrinated and kept in a water bath at 39®C., ready for use as will 
be described below. The other donor was lightly anesthetized with ether and 
two cannulae were placed in the neck vessels, the location depending upon the 
t>T>e of cross'transfusion to be done. 

After hepatectomy about half the rabbits passed into the second stage of liver 
insufficiency without significant changes in blood pressure as measured from time 
to time by a mercur>^ manometer brought into connection with the cannula in the 
carotid artery. 

The others showed a marked fall prior to the onset of the second stage. As the 
experiments demanded postponement of the transfusions until the animals were 
manifestly in this stage, and as we did not wish to mistake an ordinar>" improve- 
ment in blood pressure resulting from transfusion for an improvement in general 
condition due to relief from the hepatectomized condition, the liverless animals 
with low blood pressure were given injections of the defibrinated blood in sufficient 
amount to maintain the blood pressure until the symptoms of the second stage had 
fully developed. At times 25-40 cc. was required, given slowly at intervals, in 3—1 
cc. amounts. When the second stage was fully established in the recipient, both 
animals were given 5 cc. each of heparin solution (10 mg. per cc.), and cross- 
connections were made with the cannulae by means of short rubber T tubes in 
such a w'ay that blood flow from the proximai end of the carotid arter>' of each 
passed into the distal end of the other and so toward the brain, or, in the instances 
in which the jugular vein had been cannula ted, from carotid arterj* to vein. Aler- 
cxiry manometers were attached to each of the tubes connecting the cannulae. 
These afforded continuous readings of the pressure at which blood flowed from 
one animal to the other. By clamping the tube on either side of the manometer 
by-pass, the blood pressure in the carotid of either animal could be obtained. 
The tubes leading to the manometers also carried a short side arm attached to a 
greased Lucr syringe through which blood could be added to or recovered from 
the circuit at wall. Immediately before beginning cross-transfusion the blood 
pressure of the recipient w*as brought up to that of the donor, when it was some- 
what lower, by the addition of as much compatible defibrinated blood as necessar\'. 
Tlie blood, already taken from one of the donors, was given through a s>Tinge 
to the donor of the cross transfusion and that animal was allowed to bleed an 
equal amount into a second s\Tingc. This blood was in turn given to the recipient. 
In this way wc avoided direct injection of defibrinated blood into the sid: recip- 
ient, yet without changing the donor’s blood pressure allovred the latter to 
furnish blood enough to the recipient to equalize the pressures in the animals. 
Thc cross-transfusion was then begun and the flow of blood adjusted thereafter 
by partial occlusion of the connecting lubes, so that the blood pressure of the 
Hvcrlcss rcdi)icnt remained throughout the experiment at approximately the same 
level as previously, or vcr\’ slightly higher. 
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It was found by repeated determinations in the majorit}'' of experiments that 
the blood pressure of eacli animal at the proximal end of the carotid artery" aver- 
aged about 5 mm. of mercur\'’ more than the transfusion pressure, that is to stiy 
the reading of the manometer without obstruction to the blood flow between 
animals. 

The cross-transfusions were allowed to run for 2-4^ hours. At frequent inter- 
vals tests for flow in the connecting tubes were made by means of the greased Luer 
syringes. Simultaneous obstruction of the afferent blood flow to each animal 
close to the distal carotid (or jugular vein) cannulae caused the efferent streams of 
blood to pass into the syringes. By releasing tlie obstruction and in turn pre- 
venting efferent flow from both animals the material in the syringes could be 
expelled b}'' way of the distal cannulae. In the instances in which jugular can- 
nula tions were used the jugular veins at each end of the venous cannula showed a 
bulbous swelling which disappeared at once when the tubes leading to tliem were 
pinched. Furthermore blood flow was usually visible in the cannulae. 

As the transfusions continued the blood pressures of donor and recipient usually 
fell slightly. At intervals of approximately 20 minutes, 2^-4 cc. of a 1 per cent 
heparin solution was injected in small doses into the tube leading to the donor. 
Transient falls in blood pressure resulted but were recovered from rapidly. Occa- 
sionally the blood pressure of one animal or the other would increase and there 
must have resulted some surge of blood from the one with higher pressure to the 
other. But pressure equilibrium was alwa3’'s soon re-established. 

In two of the experiments the untouched carotid arter}^ of the donor rabbit 
was ligated after the cross-transfusion had run for half an hour. This rendered 
the cerebral circulation of the donor almost wholly dependent upon blood supplied 
by the liverless rabbit. 

As in the ‘‘liver transfusions” so in these the cross- flow of blood was terminated, 
when desired, by cutting and plugging the connecting tubes. Thus all traction 
on cervical nerves was avoided. As soon as a cross-transfusion was discontinued 
the liverless animal was given glucose, its corneal and musculo-motor reflexes 
were tested and it was examined for ataxia. 

In the twelve experiments, five of which were wholly free from 
technical errors, the liverless rabbits showed no improvement. During 
the cross-transfusions the pulse rate slowed slightly, as one would 
expect with the advancing second stage of liver insufficiency. Imme- 
diately after the transfusions the animals showed no amelioration of 
the symptoms of the second stage. The muscular weakness, ataxia, 
apparent blindness and diminution of the corneal reflexes were usuall}^ 
more pronounced than before the transfusion. In a few instances 
gasping respiration, present before the transfusion, ceased for the 
first half hour of blood flow but began again before the transfusion 
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was finished. In general it can be said that the second stage of hepatic 
insufficiency progressed during the cross-transfusion itseK, although 
its progress was usually far more rapid after the procedure. 

In three of the five experiments the liverless animals entered the 
second stage with normal or almost normal blood pressme. In two 
instances abnormally low pressures existing an hour or two before 
cross-transfusion were rectified by injections of blood and further 
raised when the cross-transfusion was begun. The improvement 
was slight and short lived, however, and the phenomena of the second 
stage of liver insufficiency^ became more marked during the trans- 
fusion period, — this despite the fact that the pale skin of these recip- 
ients often became pink and that in one instance the blood pressure 
was raised from 40 mg. of mercury to 100. Clearly the late course of 
events after liver deprivation, that which leads to death, is not averted 
or even importantly delayed by cross-transfusion. We have rigor- 
ously ruled out all instances in which slips in technique or pathological 
conditions might have affected the results. 

DISCUSSION 

The work here detailed has shown the late changes occurring in 
liver insufficiency to be irreversible. UTiat can one say of the origin 
of these lethal changes arising in the animal deprived of the liver? 

It is e\’ident that the second stage of liver insufficiency- does not 
result merely from an overwhelming accumulation of toxic substances 
in the organism, which might be eliminated or neutralized by- a liver 
if one were supplied. It is known that the products of incomplete 
metabolism accumulate in the blood of the liverless animal. Bolhnan, 
Mann and Magath (11) have reported the presence of increased 
amounts of uric acid and a probable increase in ammonia (12) in the 
blood of dogs deprived of the liver. Work already rejxirted from this 
laboratory has confirmed these uric acid findings in rabbits suffering 
from pronounced liver insufficiency (6). Doubtless other products 
of incomplete metabolism accumulate in the blood of the animals as 
well. Both in the “liver transfusion*’ and cross-transfusion experi- 
ments there was ample opportunity for the donor liver to destroy or 
c.xcretc to.xic substances in the blood if such had been present. Fur- 
thermore in the cross-transfusion experiments there must have oc- 
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curred a dilution of any toxic substances, present in the recipient’s 
blood, by admixture with the donor’s blood. Despite these favorable 
conditions no improvement was observed in the condition of the liver- 
less animals. 

A toxic product accumulating in the blood of a liverless rabbit in 
amounts sufficient to kill might be expected to register some deleterious 
effect upon a normal animal through which the entire blood bulk, 
of the liverless one was suddenl}’- circulated by transfusion. But no 
such effect was observed upon the donor rabbits in our cross-trans- 
fusion experiments. The animals servdng as donors were allowed to 
recover from the anesthetic and carefully observed. They exhibited 
no abnormal symptoms whatever, even in the instances in wliich the 
hepatectomized rabbit’s blood was allowed to run cephalad into the 
carotid artery of the donor, thus coursing through the brain and 
central nervous system of the latter before reaching the liver. 

The S 3 Tnptoms of the second stage of liver insufficiency cannot be 
due to the mere lack of some essential substance, hormone or what not, 
wliich can be supplied from without at a late stage, as can sugar to 
prevent early death from deprivation of the liver. Previous work 
on hepatectomized animals (1-9) has not demonstrated a lack of 
essential substances other than glucose, but such work has not sufficed 
to exclude the possibility. The present work has made plain the 
fact that the normal organism cannot supply anytliing to the liverless 
one that will do away with or even ameliorate the second stage phe- 
nomena after hepatectomy, once these have appeared. But perhaps 
the second stage had failed to appear until the lack became so great 
that irremediable damage had been done. Against the validity of tliis 
improbable assumption there is evidence, but unfortunately no proof. 
The liverless animal at the time of the onset of the second stage is 
normal in appearance and our histological examinations at autops)’^, 
even in the untreated liverless animal, show no definite degenerative 
changes in the central nervous system or elsewhere. Yet cross-trans- 
fusion fails to prolong life in these animals. The outlook for prolong- 
ing the life of human beings with severe liver insufficiency by supplying 
“biologicals” is not a promising one. 

An accumulation of toxic substances or a lack of something essential 
there may be in the hepatectomized organism but if so this lack or 



■ PTTTT.TP D. McilASXEB. AND D. R. DRURY 


513 


accumulation has resulted in irreversibly damaging changes by the 
time the second stage has set in. 

Was there an accumulation of toxic products which became fixed 
upon the tissues? The foregoing discussion has concerned itself 
chiefly with the possible presence or lack of substances freely circu- 
lating in the blood of the liverless animals. A tome substance present 
in the blood in minute quantity might conceivably be continually 
removed or rendered harmless by the liver, but become fixed within 
the tissues on the absence of the organ, causing irreversible damage. 
Such a happening would account for the failure of cross-transfusion 
to cause any betterment. An irreversibility of the changes of liver 
deficiency as manifested by the second stage phenomena has been the 
invariable finding in our work. 

Yet another possibility remains. Perhaps the liver by means of 
minute amounts of some substances controls the activity of other 
organs, and when it is lacking, some irreversible change takes place. 

SUIMARY 

The symptoms of advanced liver insufficiency, in the hepatectomixed 
rabbit, are irreversible. That is to say, cross-transfusions between 
liverless rabbits and normal ones fail to ameliorate the sjmptoms of 
liver deprivation once they are established. The normal rabbits show 
no symptoms suggesting that toxic substances have accumulated in 
the blood of the hepatectomized ones. 
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One of the most vexatious occurrences in experimental tuberculosis 
is the lack of uniformity of infection and the variability in the extent 
of the disease in animals inoculated with tubercle bacUli. Two main 
factors have been offered in explaining this irregularity; namely, {a) 
the natural resistance of the host and {b) the virulence of the organism. 

The first factor, which plays an important part in infection, is much 
more difficult to discuss for the reason that our knowledge of natural 
resistance is verj' meager. 

In the past the virulence of the organism has often been masked by 
the large dosages used for experimental purposes, and this probably 
has been the main reason for a complete failure in an apparently 
promising experiment. Again, when a smaller dosage has been used 
for infection, the lack of uniformity of the extent of disease has been 
rjathcr discouraging. This irregularity of disease has been mainl}' 
attributed to the \nrulence of the organism, an observation to which 
we agree. But why such a variation in an apparentlj' virulent culture? 
Let us for a moment discuss the probabilities which veiy likely may 
influence Afirulence. 

.An ordinaiy culture cultivated at 37.5°C. represents a large popula- 
tion of tubercle bacilli propagating in normal conditions necessary' for 
existence. It is not conceivable that ever\' member of this population 
possesses tlic same degree of \-irulencc for e.xperimcntal animals. If we 
accept tltis h>'polhcsis as a basis for discussion, then it follows that 
the A-irulcnce of tlic culture will depend largely on the ratio of the 

• Tins v, ork w-as supported by a grant from the Rockefeller Foundation. 
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virulent to the non-virulent members of the culture. If we are correct 
in this assumption, then we can readily explain why cultures propa- 
gated in ordinary (up to the present uncontrolled) environments, show 
diversities in virulence. The virulent, as well as the non-virulent 
individual bacilli, are very sensitive to environments which can stimu- 
late or retard their propagation. They probably possess some in- 
herent characteristics which will manifest themselves in culture media. 
Visualizing all that may take place in cultures, it seems that, by assort- 
ment and elimination, in time we should be able not only to separate 
the two types, but also to stabilize their virulent and non-virulent 
characteristics by cultivating them in suitable environments. 

Microbic dissociation studies, which have been in progress in this 
laboratory for the last 8 years, have not only added a great deal to our 
knowledge of the variability and instability of the tubercle bacillus, 
but also have put in our hands a method to control the virulence of 
the organisms. 

The studies which are about to be reported deal mainly with disso- 
ciation and the virulence of the human tubercle bacillus. 

EX:PERrMENTAL DATA 

A human tubercle bacillus, which for the last 29 years has been exten- 
sively used in experimental tuberculosis and for the preparation of tuberculin, was 
used in this study. The selection of the organism was ver}’- important because the 
past histor}’* of its behavior could be correlated with what might happen when it 
was subjected to a forced dissociation. The organism, since isolation, has been 
cultivated on egg, beef broth, agar, and Proskauer and Beck’s S 3 mthetic medium, 
containing from 3 per cent to 5 per cent gb^cerol. At times when cultivated on 
glycerol beef broth, a diminution of virulence has been reported by a number of 
investigators. However, when cultivated on a hea%dl 3 ^ buffered S 3 mthetic medium 
no diminution of virulence has occurred. These observations naturall 3 " suggested 
the influence of environmental conditions in developing the t 3 ^pes of organisms we 
desired. An attempt was made to increase the virulent population b 3 ’’ prolonged 
cultivation of the organism on S3mthetic medium, and for the non-virulent mem- 
bers the use of beef broth was suggested. This procedure, however, failed to bring 
about tlie desired result, because the cultures alwa 3 ’^s contained the two t 3 ^pes of 
organisms. Therefore, we resorted to the plate method of cultivation where, b 3 ’ 
selection and assortment and further cultivation on plate media, single colonies 
could be isolated in pure state for further studies. 

' Isolated b 3 ’' Dr. E. R. Baldwin in 1905 from the sputum of a patient, age 19, 
suffering from chronic pulmonary tuberculosis. 
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Dissociation technique as previously described and successfully used in the 
dissociation of avian, bovine, and B.C.G, cultures of tubercle bacilli 'was applied 
in this study (1). 

Two years ago PetroS and Steenken dissociated the H37 culture, but the variants 
isolated at that time were not stable. The supposed R variant, although much 
less virulent than the S,’ still had some tuberculogenic properties, and was not 
devoid of \drulence. A niimber of efforts to repeat these earlj' observations failed. 

The problem was then approached from a different point of \dew. Instead of 
using only the ordinar>" glycerol beef broth medium of pH 7.2, which becomes acid 
as the growth accumulates and thereby brings about spontaneous dissociation, 
our efforts were concentrated on forced dissociation. By forced dissodation we 
mean the amplification of the factors which in the past had, in part, been responsi- 
ble for the decrease of virulence. Two methods were applied: (1) Cultivating 
the organism on glycerol potato bile medium (Cahnette (2)), a medium which has 
been successfully used for diminishing \drulence. (2) Subsequent cultivation for 
assortment and elimination, and, espeda% where the R, avirulent \'ariant was 
desired, cultivation on solid and fluid media of pH 6.1. The influence of pH on the 
dissodation phenomenon (3), and a method for pH determination of solid media 
(4), have been described by one of us. 

Media Used , — ^The following media were used in these experiments. 

Solid medium: Gentian violet egg medium of pH 6.1 and 7.2; glycerol beef agar; 
Calmette’s glycerol potato bile medium. 

Fluid media: Beef broth; potato broth; and Proskauer and Beck’s s^mthetic 
medium, all containing 5 per cent glycerol. 

Petri dishes and a spedal modified Kolle flat flask (5) about 10 cm, in diameter 
were used. As the tuberde bacilli, apart from their varied and long lag periods, 
propagate very slowly, special precautions were taken to eHminate air contami- 
nants as much as possible. Flasks proved more satisfactorj* for this purpose than 
plates. After seeding, and being plugged with cotton, the flasks were capped with 
rubber nipples ha\'ing at the tip three small holes for gaseous exchange. This wc 
considered one of the most important steps in the technique (6). Repeatedly we 
had noticed that if the cultures were deprived of atmospheric ox>*gen by tightiv 
scaling the mouth of the flask with melted paraffin, not only was the growth re- 
tarded, but the topography of the mdi^-idual colonies was so modified that a selec- 
tion almost impossible. 


First Dissociaiio}! 

Several tubes of Calmette’s glycerol potato beef bile medium were seeded with 
growth from a stod: synthetic culture and incubated undisturbed at 37.5^C. for 
9 months. At the end of that time small portions of the growth were triturated 
against the side v.'alls of a small lest lube and a suspension made in s\*nthctic media. 

= Tnc sy'Tulx}} R h.as been used prcriously in referring to the \-ariant which is 
resistant, and S to the \*arianl which is sensitive, to enwonment. 
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The suspension was filtered through Whatman paper No. S and 5 drops of the 
filtrate seeded on the surface of several gentian violet egg medium flasks of pH 7.2 
for single colony study. 

Minute single colonies appeared at the 3rd week. At the Sth week, they had in- 
creased in size to the stage at which their structure could be studied. Two distinct 
and many atj^ical colonies could be recognized. One was made up mainty of 
twisted, wormy, slightly moist coils with a clean-cut periphery and was labeled R ? 
variant (Fig. 7, a). The second colon}^ was slightly raised, stippled, and had a 
veil-like appearance, and this was designated S ? type (Fig. 7, i). Suspensions in 
saline of these two colonies were prepared and after the concentration was de- 
termined by dry weight (7), dilutions were made so that each cubic centimeter 
contained approximately 5,000,000 organisms. 

Four guinea pigs were then inoculated intratesticularl}’' mth 5,000,000 organ- 
isms each of the R ? variant and four with the same dose of the S ? variant. Two 
of the R? animals died of tuberculosis (70 and 110 days); one was killed at 102 
days and one died of pneumonia at 105 days. The gross examination showed 
considerable tuberculosis, especially in the first and last animals. 

An animal of the S ? group died of tuberculosis at 102 da^^'s, and the other three 
were killed at 70, 105, and 110 days. In general, they had more tuberculous 
involvement than did the R? animals and there were more bacilli present in the 
organs. The differences, however, were not extreme nor surprising. (Sections 
from the second and third animals of each group were taken for histological study 
and will be described later.) 

The necropsy findings thus indicated that the R ? variant was not devoid of 
virulence. The R ? colony was then subinoculated on potato bile medium, and at 
the same time suspensions prepared for and seeded on flasks of gentian violet egg 
medium with a pH of 6.1 and 7.2. 4 weeks later in the flasks inoculated with the R ? 
suspension, man}^ R ? and S ? colonies had developed. The two t}^es of colonies 
again were fished out, suspensions prepared, and seeded again on gentian violet 
egg medium of pH 6.1 and 7.2. After a month of incubation in the flask of pH 6.1, 
seeded with S? suspension, at 3 ^pical colonies had developed (Fig. 7). On the 
medium of pH 7.2, the colonies were typical S ? tj^pe (Figs. 3 and 4). But the flasks 
which were inoculated with the R ? suspension showed some ver}^ striking new b'pes 
of colonies with a clear-cut periphery, a vermicular contour, crater-like center, and 
a slight amount of chromogenicity (Figs. 1 and 2). This method of assortment 
was repeated several times, and similar R ? colonies eventuall}'' were obtained. 

R ? colonies were also obtained direct^ from the potato bile cultures, and the}" were 
slightly more chromogenic than tlie aforementioned. 

Ten animals were inoculated intratesticularly with approximately 100,000 
bacilli of the S ? variant and another lot of ten with the same number of the sup- 
posedly R ?, crater-like, variant. In the R ? group, one animal died of suffocation 
at 59 days; the remainder were killed at 8, 36, 36, 41, 63, 82, 96, 98, and 98 days. 
In the gross, one animal at 36 days had small lesions of the lungs, liver, spleen, and 
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inguinal glands; the one at 41 days small lesions of the lungs and liver; and at 63 
da>'s there were tiny lung lesions. The other animals exhibited only small lesions 
at the site of inoculation. Smears of tissues at neaopsy, except for the testide and 
the femoral bone marrow of the diseased 36 day pig, were negative. 

Animals of the S ? group were killed at 8, 59, 82, and 96 da3's. The other six 
died of tuberculosis at 36 (two), 41 (two), 46, and 63 daj-s. The 8 day animal 
exhibited only a swollen testide. The other nine were listed as having four plus 
tuberculosis, the maximal involvement. Every organ was extensively involved. 
The lungs contained discrete or conglomerate gelatinous or gelatinocaseous tuber- 
cles and areas of pneumonia. The livers contained both gelatinous tuberdes and 
areas of necrosis and infarction, the least involvement being after 60 days. The 
spleens were enlarged from four to ten times normal size, the largest and most 
engorged being at 4 to 6 weeks, and often contained areas of necrosis. Every bone 
marrow appeared hj'perplastic. Smears of the spleen and marrow at 8 days were 
negative for tubercle bacilli. The organs of the other nine animals vrere positive 
except for the marrow at 82 days. The largest number of bacilli occurred between 
4 and 6 weeks. 

The contrast between the pathogenidt}’ of these R and S variants is obdously 
quite marked. 

The R variant with a crater-like appearance on the fourth cultiv’ation remained 
true to form, prodded media of pH 6.1 were used. The virulence test was re- 
peated by inoculation of four animals. Each guinea pig was inoculated intratestic- 
ularly with 200,000 of the R U-pe bacilli. 

An animal died of pneumonia at 34 days and others were killed at 24 and 65 
days. The fourth was skin-tested at 370 days (negative) and killed. An inguinal 
lymph node at 24 days was enlarged and the site of inoculation in the 65 da\' 
animal contained a small scar. All other organs and sites were negative in the 
gross for tuberculosis. None of the smears or sections contained add-fast bacilli. 
A further decrease in pathogenidty was evident. 

Character! sites of the Variants 

Fluid Media. — ^T^pical R and S variants, the \drulence of which had 
been determined by animal inoculation, were cultivated on glycerol 
beef broth and sjmthetic media. The S variant in these two media 
developed a thin, spreading, veil-like growth, with only a few dense 
areas. The R variant in both media grew in small, raised islands, with 
clear spaces between, and only occasional net-like connections be- 
tween. (Fig. S—S variant; Fig. 9— R variant.) 

M^orphology of the Varja7:ts . — Both R and S variants are Gram- 
po.ritivc and acid-fast. The S bacilli are short, solid rods, sometimes 
slightly cur\‘ed, vaiydng in lengtli from 2 to 5 microns. Beaded forms 
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are only occasionally present and granules are absent (Fig. 5) . The R 
bacilli are pleomorphic, varying in size from 3 to 10 microns. Some 
are club-shaped, others straight, filamentous, long, beaded rods, and 
still others appear in branching form. Granules of various sizes are 
present in very young cultures. Many non-acid-fast organisms 
are present in young cultures but as they become older they gradually 
regain their acid-fast properties (Fig. 6). 

Reaction of Media . — The pH curve of the medium during growth 
of the tubercle bacillus has been extensively used for differentiation of 
the human and bovine types. Since the S variant is more stable in an 
alkaline medium, and tlie R in an acid medium, a study of the pH of 
the medium during growth was tliought to be of interest. The two 
variants were cultivated on tliree types of broth with two different pH 
levels each. Electrometric determinations were made at weekly 
intervals for 7 weeks. Starting with a pH of 6.8, the media on winch 
the two variants were cultivated became alkaline (pH 7.5) within a 
week but, as the growth progressed, a depression in the curve was 
noted, and from the 2nd to the 4th week, the exact time depending on 
the rapidity of the growth, it became strongly acid (pH 5.5). 

From our observations thus far it is safe to state that tlie pH curve 
of both variants follows that observed for any undissociated human 
type of tubercle bacillus. 

Tuberculins . — Old tuberculin was prepared from the two variants 
using glycerol beef and synthetic brotli cultures. The tuberculins 
were tested intracutaneously on guinea pigs sensitized \vitli heat-killed 
R and S variants. Both tuberculins elicited the same type and 
intensity of reaction. However, tlie antigenic properties of the heat- 
killed organism used for sensitization differed. Animals injected with 
heat-killed S variants developed a hypersensitive state sooner and 
with greater intensity than those sensitized with heat-killed R variants. 

Second Dissociation 

In the preceding experiment we may recall that the initial culture 
taken from synthetic media was undissociated and the components 
were unknown. Naturally, this successful dissociation suggested a 
further experiment, tlie starting point of wliich would be a single 
definite colony. 
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An S colony with typical cultural characteristics and virulence for guinea pigs 
was seeded on glycerol potato bile medium and incubated undisturbed at 37.5°C 
for months. A suspension was prepared from this aged culture and seeded as 
usual on gentian violet egg medium, glycerolated agar of pH 6.1 and 7.2. 1 month 

later t^-pical and a^'pical S colonies, and a large number of crater-like R colonies 
were distinguishable. At this time exceptional growth was noted on gentian violet 
egg media at pH 6.1 ; fair growth on gl 3 xerolated agar at pH 6.1 ; and a slow growth 
on both at pH 7.2. Subculture of the R and S variants was continued until the 
two t>i)es were further stabilized, and at intervals animals were inoculated to test 
the virulences. 

Eight guinea pigs were first inoculated with the R t^-pe, — ^four with the culture 
from glycerolated agar pH 6.1, four from gentian violet egg medium pH 6.1; and 
four were inoculated with the S type from gentian violet egg medium, pH 7.2. The 
infecting dose was 500,000 bacilli administered intratesticulariy. 

Two of the R animals were killed at 31 daj-s, two at 38 da>’s, and one at 97 days, 
while two died of gastro-enteritis at 45 da^'s and the last of pneumonia at 104 days. 
The only gross tuberculosis in the series is foxmd in the form of tiny lesions in the 
liver and inguinal nodes of a 31 day pig. Routine smears of all animab were 
negative for tubercle bacilli. 

S-infected animals were kiUed at 31, 38, and 45 days and one died of tubercu- 
losis at 97 days. All of the four were noted in the gross as having four plus tuber- 
culosis, there being marked involvement of the lungs, liver, spleen, inguinal nodes, 
and testicular site of infection. Swelling and necrosis of the spleen, and necrosis 
in the liver were as described for a pre\dous group. 

Two weeks later variants from cultures of the same series were used to infect 
rabbits, two being infected with the R t 3 *pc and three with the S type. 1 mg. was 
given intravenously to each. 

One R animal was killed at 27 days and the other at 32 daj-s. Xeither had 
gross tuberculosis and marrow smears were all negative for add-fast organisms. 
One of the S group died of apparently acute tuberculosis on the 27th day, and two 
were killed at 32 da>'s. In the gross, the lungs of each contained man}' single and 
conglomerate gclatinocascous areas of tuberde and pneumonia. There were pale 
streaks in the kidneys. The femoral bone marrows were negative by smear but 
the lungs, kidneys, and a liver and spleen contained badiii. 

In this first test on rabbits there was the same marked difference in 
pathogenicity noted for guinea pigs -ndth the modif>-ing effect of species 
c\'idcnt. 

A final test of the \-ini!cncc of \-ariants from the first complete disso- 
ciation was made at this time in order to stud}- tissue reactions ^’.-ith 
the supm\'ital technique. 
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0.5 cc, of a milky suspension of bacilli ^Yas inoculated intraperitoneaUy into 
guinea pigs. The R variant came from a subculture (the fourth) on gentian violet 
egg medium at pH 6.1, and was used on three animals. Three other animals 
were inoculated with an S variant from this medium at pH 7.2. 

An animal from each group was killed on the 1st, 2nd, and 7tli day after infec- 
tion. There was no marked difference in the peritoneal fluids. The site of inocu- 
lation was slightly necrotic in animals of both groups. The omentum of the R 
animals showed a slight stimulation of the '^milk spots” throughout, but in each 
case it was less than in the contrasting S animal. There was also a progressively 
increasing tendency to small areas of necrosis in tlie S omentums, but none in the 
R. Tubercle bacilli were rarely found in the peritoneal fluid and omentum of tlie 
R inoculants, but were present in large numbers at all times in the S series. (The 
supravital studies are discussed later with the microscopic pathology.) 

Further inoculations to determine the pathogenicity of the variants 
from the second dissociation, using different portals of entry, were 
begun after a 4 months’ interval. 

Guinea pigs were infected by subcultures of the R variant from gentian violet 
egg medium at pH 6. 1 , and of the S variant from the same medium at pH 7.2. Five 
animals received 10,000 each and five received 100,000 each of the R t}’pe bacillus 
subcutaneously. Contrast groups were given the same doses of the S suspension 
by the same route. 

One of the R (10,000 bacilli) pigs died of pneumonia at 25 days; the others were 
killed at 52, 59, 145 days (two). No gross evidence of tuberculosis was present in 
any animal. Smears of the spleen, regional nodes, and bone marrow were negative 
for acid-fast organisms in all cases. 

The S (10,000 bacilli) infected animals were killed at 15, 25, 52, 59, and 145 
da 3 ’’s. No organic disease was seen in the first two but the regional nodes were 
enlarged and contained many bacilli. At 52 da 3 "s there was considerable disease 
of the lungs, liver, and spleen; this distribution was duplicated at 59 da>'s except 
for the absence of lung involvement; and the identical organs were tuberculous at 
145 days. In the later animals the inguinal, iliac, and tracheobronclnal lymph 
nodes became larger, harder, and more caseous. Bacilli were not found in tlie 
marrows, but the organs often were positive. 

One of the second R group (100,000 bacilli) died of pneumonia at 15 da.vs. 
Others were killed at 38, 59, 130, and 145 days. Four animals were normal except 
for slight inguinal node hypertrophy in the first two. The spleen and a hmiph 
node in the 130 day pig contained possible tiny^ lesions, but smears were negative 
for tubercle bacilli, as they were in all of the other animals. 

One of the second S group (100,000 bacilli) died of tuberculosis at 84 day's; the 
others were killed at 39, 59, 130, and 145 day^s. The amount of tuberculosis did 
not increase regularly^ with the duration of the disease. At 39 day's there were 
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guinal, iliac, and traclieobronchial glands were regularl}'' enlarged and contained 
bacilli. 

Again the contrast in pathogenicity is seen to be very marked be- 
tween the two variant groups. 

One month after tlie inoculations of the previous series, subcultures 
of a following generation Avere used to infect rabbits by the infre- 
quently used intratesticular and subcutaneous routes. 

The same dose previously used intravenousl}^, 1 mg., was given to tliree animals 
for each variant and for each route. The R colonies came from gentian violet 
egg medium at pH 6.1, and the S colonies from the same medium at pH 7.2. 

The R intratesticular animals were killed at 37 and 89 days (two). There was 
no gross evidence of tuberculosis except a small area of caseation at the site of 
injection in the second animal. Smears of the spleen, lung, and marrow were 
negative in each case. (Two animals showed localized chronic bronchitis and 
pneumonitis.) 

In the contrasting S group an animal died of four plus tuberculosis at 19 and one 
at 37 da 3 ^s. The third died of snuffles-pneumonia and contained a moderate tuber- 
culous involvement. The lungs of the first two were riddled with gelatinous 
tubercles, the testicles were swollen, purulent, and contained bilateral mUiary 
lesions, the kidne3''S were streaked, and the follicles of the spleen were accentuated. 
In the third animal the lesions of the lung were smaller but there were miliary 
lesions of the omentum and spleen. Testicular smears were loaded with tubercle 
bacilli, the lungs were positive at 19 and 37 da 3 ^s, and bacilli were found in the 
spleen of the first. 

An R subcutaneous animal died of snuffles at 23 da 3 ’’s and others were killed at 
51 and 89 da 3 ^s. There were no lesions seen in the gross except small douglu’' foci 
at the sites of injection. All smears except from the inoculation site were negative. 

In the S contrast group an animal was killed on the 23rd and 89th da 3 ^s and one 
died of snuffles-pneumonia at 51 da 3 ’'S. Each had a moderate involvement of the 
lungs and caseous scarring at the sites of infection. Smears of the spleens and 
marrows were negative, but the lung at 23 da 3 ’'s and the sites were positive for 
tubercle bacilli. 


Microscopic Pathology and Hematology 

The routine pathological study included the following procedures 
and precautions: 

(o) Animals were autopsied as soon as possible after death. Guinea pigs were 
killed b 3 ' a blow at the base of the skull, rabbits b 3 ' a blow or air embolus. Unless 
the groups were small or deaths too frequent in one variant group, an animal in 
the contrasting group was killed whenever one died. 
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(5) The usual complete gross examinatioii vras made, including opening of the 
nasal and middle ear passages. The approximate amount of tuberculous involve- 
ment vras noted (0 to 4-b). Smears were made routinely from the femoral mar- 
rovT, spleen, and questionable lesions. The site of injection or regional hmiph 
nodes were examined when the viscera contained no bacilli. The smears were 
stained by the Ziehl-Neelsen method and an approximation of the bacillar>’ 
content was noted (0 to 4-f ). Smears for secondary’ infection were studied with 
Gram stain, and when no obvious cause of death was present heart's blood cultures 
were made in pleural fluid broth. 

(c) Sections of the lungs, liver, spleen, kidney, and usually the bone marrow, 
lymph glands, and site of inoculation were taken, fixed in Zenker’s 5 per cent acetic 
add solution, run up into paraffin blocks, cut, and stained with Mallory’s phloxin- 
methylene blue stain. Duplicate sections were stained with carbolfuchsin and 
methylene blue for identification of acid-fast organisms. 

(d) An attempt was made to study the reticulum formed in tubercles of the two 
t>'pes of infection, but as it is incomplete a detailed report is planned for future 
publication. 

(c) The c>’tolog>' of the blood was observed during the course of experiments 
in six groups of animals. 

(J) Supra\dtal studies were made on the tissues of nineteen animals from 
\*arious groups. 

The description of microscopic findings will be presented in the same 
order as that of the gross examinations. 

1. R? (intermediate); 5,000,000 badlli intratesticularly in four guinea pigs. 
Tissues from two animals were saved (102 and 105 days). The lesions were seen 
to be chiefly proliferative and to contain small areas of caseation. The spleens 
and livers were riddled with this typQ of infiltration and the lungs contained lesser 
amounts. The disease appeared to be chronic with occasional e%ndences of 
acti\ity. 

S ? (intermediate) : Same procedure as above. The lesions were slightly more 
extensive in all organs. They were chiefly chronic proliferation with considerable 
activity, and the organic structure was therefore frequently destroyed. The 
epithelioid cell tubercles were often involved by caseation. Both spleens were 
acutely inflamed, with edema, congestion, and fibrin, but with relatively fev,* 
bacilli, .\c5d-fasl granules were seen in \*acuobtcd phagoc>*tes. An exudative 
and proliferative pneumonia was present in one lung section. 

2, R: 100,000 bacilli intratesticularly in ten guinea pigs. In the animals 
sacrificed l>etwccn 36 and 65 days there was found small to moderately extensive 
tubercle formation of a sluggishly proliferative l>T>e. The cells were moderately 
stimulated members of the mononuclear series and they v/crc usually droimscribcd 
by Jbticrjcd cells and U’mphocyics. Giant cells of the I^nghans t\'pc v/cre 
occasionally seen but caseation never occurred organically. At its licight the in- 
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fection involved the spleen and liver (Fig. 11) to about the same extent. Regres- 
sion began as early as 36 days in the liver; and after 63 days, when any lesion was 
present at all, only small, resolving, or completely regressive lesions were found in 
the organs of any animal. Healing was accomplished by a decrease in size and a 
P 3 'knosis of the stimulated cells with a further peripheral contraction. Lung 
lesions were exceptionally difhcult to find. They occurred interstitially and rarely 
grew to fill alveoli (Fig. 10). There was no distinctive feature with regard to the 
size or position of the lesions in any organ, except the regressive tendenc}', and no 
evidence to indicate extension or chronicity. A search of all of the acid-fast sec- 
tions revealed a single bacillus in the spleen at 63 and at 82 days. 

S: 100,000 bacilli intratesticularly in ten guinea pigs. Tubercle formation had 
already begun at 8 days. The lung was considerably involved b}’’ large and small 
lesions of the alveolar walls, as well as a general stimulation of the parenchyma. 
The former were rapidly growing, as denoted by mitoses. The liver contained a 
few intersinusoidal groups of mononuclears. 

The next six animals can be discussed as a group, for though there was some 
difference in acuity, the lesions of all were considered to be extremel}'’ progressive. 
The primary proliferative lesions, composed of mature epithelioid cells, contained 
central abscess formation (Fig. 12) and caseation, most commonly seen in the 
animals at 36 da 3 ^s. Tubercles in the walls of veins (Fig, 15) and abscess debris 
in the bronchioles (Fig. 14) were seen ^epeatedl 3 ^ Fresh areas of exudative pneu- 
monia were observed in the lungs, as were areas of infarction and areas of necrotic 
tissue cells contiguous to acute lesions in the liver (Fig. 16). There was a complete 
loss of structure of the splenic tissue, with replacement b 3 ^ serum, blood cells, and 
a network of fibrin. Tubercles were seen as isolated proliferative and caseous 
islands (Fig. 18). The bone marrows, referred to as h 3 ^erplastic in the gross, were 
preserved with difficult 3 \ Those examined (4) showed a moderate involvement by 
loose epithelioid cell tubercles with occasional central degeneration and caseation. 
There was a h 3 ^perplasia of the neutrophile marrow cells. 

Sections of the 63, 82, and 96 day animals showed widespread disease, but it was 
of a more chronic t 3 ^pe (Fig. 19). There was less evidence of acute infection, 
abscess formation, and swelling. Part of the lesions in most organs were definitely 
regressive, and exhibited resolution and efforts at repair. The lungs contained the 
only notabl 3 ’' progressive lesions. The process of resolution included a loosening 
of the epithelioid cells, p34cnosis, emigration of cells from the tubercle with a 
serum-fibrin replacement, and the presence of man 3 ^ lymphoc 3 ^tes in and around the 
tubercles. Sections stained for bacilli confirmed the knowledge obtained from 
smears at necrops 3 ’‘: at 8 da 3 's onU’’ the testicle contained bacilli; from 4 to 6 weeks 
all organs, espccialh’’ the lung and spleen, were heavib’’ positive; at 3 months the 
organs, though riddled with disease, contained fewer bacilli. Their position, in 
order of frequenc 3 ", was: phagoc 3 'tic mononuclears, degenerating epithelioid cells, 
caseation, and debris. 

3. R: 200,000 bacilli intratcsticularl 3 " in four guinea pigs. Except in the testi- 
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des, definite microscopic lesions vrere found only in the liver at 24 da3"s and the lung 
at 65 days. These consisted of small proUferative lesions, non-progressive in t>i}e. 
The 370 day animal contained a few swirls of fibrosis which ma3' have been tubercu- 
losis near a large bronchiole. No bacilli were found in the sections of an3^ a nim a l . 

4. R: 500,000 bacilli intratesticularl3" in eight guinea pigs. The involvement 
of this series was similar to that of the R in Series 2, but was smaller in extent. At 
31 da3^s a moderate proliferative tubercle formation was present Tin3* regressive 
lesions were seen in a spleen, and two livers of the next three a nima ls lolled. The 
last three pigs showed no disease (45, 97, and 104 days). No bacilli were found in 
the sections, and in a l3mph gland at 31 days three bacilli were seen. 

S: 500,000 bacilli intratesticularly in four guinea pigs. Microscopic sections 
v;ere practicali3^ duplicates of the S sections in Series 2. The lesions were com- 
posed of stimulated epithelioid cells, abscesses, acute caseation, and in certain 
organs tissue degeneration and necrosis with anemic infarction. There were man3' 
giant cells. At 97 da3's there was huge involvement but considerable resolution. 
The whole picture was slightl3" less acute than that of the 100,000 group, Series 2. 

5. R: 1 mg. intravenously in two rabbits. There were small lesions in lungs, 
liver, spleens, and one marrow. The3" were completeU" proliferative, without 
necrosis, and were often composed entirel3" of giant cells (Fig. 13). The mono- 
nuclear cells were onl3' slightl3* stimulated and the lesions were often surrounded 
b3' l3mphoc3Tes. The3' were all inactive or regressive. There were no bacilli 
seen in the sections. 

S: 1 mg. intravenoush' in three rabbits (sections of two). The lesions were 
large in extent, espedall3' in the lungs. The3' were composed of infiltrating epithe- 
lioid and giant cells and areas of proliferative pneumonia (Fig. 1 7) . Caseation was 
present centrally in the lesions of the lungs, a liver, and a kidne3'. No true abscess 
was seen. The tubercles vrere of a moderatel3* progressive t>*pe. Bacilli were 
found in the sections of the lungs in large numbers, and in moderate numbers 
elsewhere. 

6. (Sections arc discussed with the supravital studies of this group.) 

7. R: 10,000 bacilli subcutaneoush’ in five guinea pigs. There were no definite 
lesions in the sections examined. No tubercle bacilli were found. 

S : 10,000 bacilli subcutaneousK* in five guinea pigs. There were earh* prolifera- 
tive lesions in the lungs and liver at 15 and 25 da3'S. At 52 da>'5 the lesions were 
larger and beginning to degenerate and there were large lesions in the spleen ’5\'ith 
central abscess and caseation. 

8. R: 100.000 bacilli subcutaneously in five guinea pigs. The extent of disease 
was limited to small groups of epithelioid cells in the spleen at 38 and 130 da3's and 
the liver at 59 days. These processes w'cre inactive or regressive and no necrosis 
or bicilli were seen. 

S : 100,000 bacilli subcutancoush* in five guinea pigs. The progress of infection 
simihr to other S infections already desenbed. The lesions were proIiferati%*c 
anti caseous at 0 weeks, extensive, and at later dates were acute and fiorid. 
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The progression of infection was definite and the of disease was the same at 
both doses subcutaneously as it was in the groups infected intratesticularly, but 
the organic involvement was less regular and the advance was delayed. 

9. R: 5,000,000 bacilli intratesticularly in four guinea pigs. Sections of the 
spleen at 30 days contained a few small proliferations in tlie follicles, slightly 
caseated, and a small area of epithelioid cells in the marrow. No bacilli were seen. 
There were no lesions seen in the later animals. 

S: 5,000,000 bacilli intratesticularly in four guinea pigs. This series exhibited 
the same rapid extensive involvement, witli abscess formation, caseation, and 
secondary inflammatory signs as other S groups, but even more intensely. Tuber- 
cle bacilli were seen as thin, almost bipolar, poorl}'' staining rods and were found in 
great numbers in the debris, serum, and marginal epithelioid cells and phagocytes. 

10. R: 1 mg. of bacilli intravenously in four rabbits. A few small proliferative 
lesions were seen in the first animal, chiefly in tlie lungs. A tin}" group of loose 
epithelioid cells was present in the spleen at 20 days. At 80 and 82 days there were 
no lesions. 

S : 1 mg. of bacilli intravenously in four rabbits. Progressive lesions, even at 7 
days, were seen in the lungs. The}" were acutely proliferative witli abscess and 
caseation. The livers, spleens, marrows, and kidneys contained proliferative 
lesions which were caseous in the kidneys and, in the later animals, regressive in tlie 
liver. A considerable number of giant cells was present. 

11. R: 1 mg. of bacilli intratesticularl}" in three rabbits. Small inactive prolif- 
erative tubercles were present in the lung, liver, and testicle at 37 days. The 
lesions in the lung consisted of loose epithelioid cells in the dilated blood vessels of 
an old snuffles-pneumonia. 

S: The lungs, spleens, and testicles and, less regularly, the liver and bone mar- 
row contained large numbers of proliferative lesions. Caseation occurred in the 
lungs and testicles. All tubercles appeared progressive. 

12. R: 1 mg. of bacilli subcutaneously in three rabbits. A single group of 
loose epithelioid cells in a splenic follicle was the only lesion seen. 

S: The lung and liver at 23 days contained discrete proliferative tubercles. 
Later sections were incomplete. 

(Animals of the last three groups were often snufliy and the sections contained 
several areas of chronic bronchitis and indurative pneumonitis, small intersinu- 
soidal nuclear groups in the liver, and similar interstitial areas of chronic inflamma- 
tion in the kidneys. These have been previousl}" described, and we have found 
them in other rabbits with snuffles.) 

Hematology 

Procedure , — Blood studies were made on the variant groups of two 
series of guinea pigs (1,4), and one series of rabbits (10). 

Three consecutive daily counts were made on every uninfected animal during 
the week before infection. Counts were made after infection on guinea pigs at 
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weekly intervals, considered frequent enougli because the route of infection was 
intratesticuiar. Counts were made on rabbits (intravenously infected) at 24 
hours after infection, at 48 hours, 6 days, and weekly thereafter. From previous 
experience, and from reference to studies on the cellular changes in the tissues after 
intravenous infection (8), it was believed that these dates would demonstrate the 
blood changes most effectively. 

Guinea pigs were bled from a cut in the ear margin. Total white blood cell 
counts were made with the usual technique; fixed smears were made on cover-slips 
and stained with Wright’s stain. Rabbits were bled from a nick in an ear vein, 
and total red and white blood cell coxmts, clotting times, and fixed smears were 
prepared. The percentages of cells in the differential count (200 to 400 cells) 
were used to compute the cells per cubic millimeter. A base line for each cell tjpe 
was obtained for each individual by averaging the figures of the three control 
counts. 

The composite graphs for each group were obtained by averaging the 
figures of the component members. The base lines, for comparison of 
the curv’^es with the normal cell levels, were obtained by using the 
average of the individual base lines. 

There are several factors which influence the interpretation of indi- 
\idual and group graphs of leucoc>fl:e counts, (a) Rabbits are prone 
to chronic secondary infection, especially snuffles and thrush. One 
group studied here (R, Series 10) unfortrmately was affected bj^ both 
during the latter part of the study. Guinea pigs may have chronic 
aural or nasal infections, but no animal in our series presented these 
findings at necropsy. (6) Individual animals may have unusual 
normal cell levels wfflich cause a regular distortion of the curve until 
the size of the group is decreased by death, (c) This factor of decreas- 
ing units then causes the unusual cell level to distort the cur\’e un- 
equally. {d) Although it is known that several animals will react 
similarly, in general, to the same infection, it is also true that the time 
of the reactions will be slightly different in the individuals. This has 
been borne out by recent studies in this laboratory' of infection by 
avian dissociates in rabbits (unpublished). 

The pathologioil background w'hich is used for the interpretation of 
abnormal changes in the curvxs is that postulated by Medlar (9). 
It includes tlic function of the monocvTc in tubercle formation, the 
IvTnphocytc in the healing process and as an evidence of resistance, 
and Uic ncutrophilc in abscess formation and in caseation. The graph 
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of blood changes in a rabbit infected with bovine bacilli intravenously, 
first cited by Sabin some years ago (10), expresses the general reaction 
of an animal to pathogenic tubercle bacilli. We believe (from the 
avian work mentioned above) that all changes in tlie curves depend 
for their intensity on the virulence of the organism because tlie viru- 
lence dictates the pathological picture. A virulent variant causes a 
rapidly progressive disease with necrosis, abscess formation, and 
caseation (especially in tlie guinea pig), and a consequent intense blood 
reaction with an emphasis on the neutrophile. An avirulent variant 
causes a proliferative, sluggish, resolving infection which, if not com- 
plicated, causes a less intense reaction and a return of tlie blood curves 
to normal. We have found no e^ddence of a relationship between 
tuberculosis of the marrow and tlie depression of the marrow cells 
which occurs between the 2nd and 5 th weeks. We have found evi- 
dence of toxic effects on the marrow cells (after intravenous inocula- 
tion) which appeared during tliis period (see Series 10 analysis). 

Sections of the bone marrow were available from twenty- two of tlie 
thirty animals on which the blood was studied. A correlation was 
attempted. 

A72alysis. — Series 2 (R): There was a rise at 1 week of all cell types, a decrease 
of all types except the monocyte during tlie succeeding 4 to 5 weeks, and a return 
of all cell t 3 ''pes to approximate normal a few weeks later. This would indicate a 
regressive infection. (Indiiddual counts did not affect the curves materiall 3 ^) 

Series 4 (R) : The neutrophiles and monoc 3 ^tes were^slightly elevated at a week; 
the b^mphocytes began a gradual depression which lasted for several weeks. A 
rise of all cell t 3 ''pes, especially neutrophiles, after 7 weeks caused a distortion 
partialb’' due to the consistent high figures of a single animal. The graph other- 
wise could indicate inactivit 3 ^ of the disease. 

Series 2 (S) : An elevation of neutrophiles at 1 week and again at 8 and 9 weeks 
occurred. There was a mild general depression from the 3rd to the 6th week, A 
terminal rise of the curves was due to tlie high counts of one animal; all other 
animals had shown a marked Wmphoc 3 ’te decrease before death. This interpreta- 
tion would indicate a continuing infection. 

Series 4 (S): All cell t 3 ^pes increased at 1 week, the neutrophiles continued to 
rise at the 2nd, and the 3 ’' then joined the b"niphoc3^tes in a continued depression. 
The monoc 3 Tes were slightb" but increasingb’’ elevated throughout. (The counts 
of the last 6 weeks were on onb" one animal.) The graph might indicate a con- 
tinuing infection. 

Series 10 (R rabbits) : A depression of the lcucoc3^tcs of marrow origin occurred 
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in the counts of the 1st vreek, \vith a rise of all leucocytes at 2 weeks, and a return 
to normal levels at 5 and 6 weeks. A moderate, constant depression of the er>-thro- 
O’tes was noted beginning at the 2nd week, but the microscopic structure of the 
cells was not aSected. All changes after 6 weeks were unimportant because of the 
active secondar)^ infections in both animals, a condition which the blood reflected. 
The graph could indicate a subsiding tuberculous infection. 

Series 10 (S rabbits) : The neutrophile axrvc failed to show a regular early rise, 
became depressed after 2 weeks, and rose at 5 weeks (one a nima l) to a high figure. 
The monocytes were increased for the first 3 weeks to relatively high levels. The 
IjTnphocy te curve rose gradually to a high level at 3 weeks and then fell to below 
normal. All of these curves were affected by unusual variations of individual 
counts. 

There was a marked general depression of the erj'throcj’te cur\*e beginning at 24 
hours and e.vtending through the life span of three animals. This deflection was 
caused by an er>'thropenia occurring in three of the animals, the low point occurring 
at 2 days in one, 2 weeks in another, and 3 weeks in the third. The lowest count 
reached 1,480,000, Differential smears demonstrated a marked amsoc\Tosis, 
polychromatophilia, 5 to 28 normoblasts per 100 white blood cells, 5 to 24 per cent 
reticulocj'tes, and a shift to the left in the maturation of neutrophiles. A leucocj’- 
tosis was associated in two cases; a leucopenia in one case. All red cell counts 
returned to normal before demise of the animals. The marrows were seen to be 
ver>' slightly involved by a proliferative lesion at necropsy in two cases, and not at 
all in the most severe depression. Because of this and the time element, the reac- 
tion was possibly a toxic one and not disease of the marrow nor hemolysis. 

Bone Marrenv . — ^There was ver>’ little correlation between the degree of stimula- 
tion of the marrow cells and the position of the neutrophile cunx at death. ^lost 
of those curves which were ele\'ated at death were associated with a h>'perplasia of 
granulocytes, but vcr>' frequently there was a hj-pcrplasia, with a shift cither to 
the right or left, and the cuive was depressed or at a normal level. It was found 
that those with tuberculous involvement of the marrow had depressed or normal 
counts and those elevated counts had no tuberculosis of the marrov.% but on 
tlic other hand all those with tuberculosis had a h\'pcrpla5ia of the marrow in 
addition. 

Conwictil , — 1, There are too many modifjnng factors to permit 
other than a loose interpretation of a composite graph. 

2. In general, the blood count reflects the pathologic picture in the 
rabbit and guinea pig. It does not do so as accurately as in human 
beings. Indi\ndual animals react with different speeds and intensities 
lo infection. Xon-tuberculous infection causes a hopeless distortion 
of the cur\’C5. 

3. The R and S variants cause a leucocyte response which is par- 
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tially non-specific. This includes an initial rise of the marrow cells 
between 1 day to 2 weeks, and a depression occurring between 2 and 
6 weeks. It is significant that the latter occurs approximately during 
the period of allergic development. 

4. This experiment (and others in progress) shows that the avirulent 
variant (R) produces a regressive infection and blood curves which 
revert to normal. The virulent variant (S) produces a progressive, 
septic, allergic infection and the blood curves indicate these conditions 
to a certain extent. 

5. The portal of entry modifies the periodicity and intensity of the 
leucocyte curves. 

6. There is no notable relationship between the granulocytes in 
the circulation, the condition of the marrow at death, and the involve- 
ment of the marrow by tuberculosis. 

Supravital Tissue Exavmiations 

The tissues of nineteen sacrificed animals were examined by means 
of the supravital staining technique. 

Scrapings of two to five organs were examined, using the concentrated solutions 
of Janus green and neutral red which are prescribed for tissue stud 3 ^ The presence 
of abnormal numbers of neutrophiles, lymphoc 3 ’'tes, or members of the mononuclear 
series (monoc 3 "tes, cIasmatoc 3 ^tes, and epithelioid cells) was noted, as w'as the 
condition of the stroma cells. 

Tissues from animals infected with R variant (four rabbits, seven guinea pigs) 
^Ye^c seen to contain mononuclear cells in moderate numbers and wdth a mild 
degree of stimulation. Neutrophiles w^ere rareb’’ seen and then onh’' in glands near 
the site of inoculation. Tissues from animals infected with the S variant (four 
rabbits, four guinea pigs) contained large numbers of mononuclear cells in all 
stages, chiefly the mature epithelioid cells, and man 3 '’ neutrophiles as evidence of 
caseation. 

Series 6 consisted of three guinea pigs inoculated intraperitonealh’' wdth 0.5 cc. 
of a niilk>" suspension of R variant, and a similar group infected with the same 
dose of S. An animal from each group w’as killed at 24 hours, 48 hours, and at 7 
da 3 ’’S. The injection w’as incomplete in the second S animal. The peritoneal 
fluid, omentum, and peritoneal lymph nodes w’ere examined supravitallN", and 
sections w^ere taken of the abdominal wall at the site of injection, the omentum, and 
the b’mph nodes. 

The R reaction was slow and of mild intensit 3 '. The enlargement of the ‘^milk 
spots” w*as moderate and discrete. Necrosis of tissue was slight and up to 7 da 3 "S 
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occurred only at the site of injection. A moderate increase of neutrophiles 
occurred during the first 2 days but decreased later. Phagocj-tosis by clasmato- 
cytes occurred during the 2nd day, but decreased later. The number of fibro- 
blasts and monocytes was slight at 1 day, but it increased progressively in the next 
two specimens. The monoc>’tes had often matured to epithelioid cells in the 7 day 
animal. Tubercle bacilli were present in small and decreasing numbers in the 
peritoneal fluid but there were none to be found in the tissues. Add-fast granules 
were seen in the phagoc>'tes of the lymph nodes. 

The S reaction was rapid and more intense. The “milk spots” were larger at 1 
day, they increased in size progressively later, and the interspaces were partially 
obliterated. Necrosis (abscesses?) in the omentum were seen at 1 day and later. 
Large numbers of bacilli were found in the peritoneal fluid, omentum, and hmiph 
nodes. Neutrophiles, often fragmented, were found at 1 day but they had dis- 
appeared at 7 days. Phagocj’tosis was marked in the first animal and absent 
later. The fibroblastic reaction was slight. IMononudear cells developed in 
large numbers early and were present in all stages of stimulation, including many 
epithelioid cells at 7 days. 

In the present study the supravital method confirmed the knowledge 
obtained by fixed tissue study. It noted in addition the presence of 
clasmatocytes at early dates. The sections permitted recognition of 
all other elements, as well as the structural relationships. 

Summary of Pathology , — ^There is a marked difference in virulence, as 
demonstrated by pathogenicity, between typical H 37 R and S variants. 
The R variant has a low \drulence and is very slightly pathogenic. It 
caused no mortality per sc, very little gross e\ddence of tuberetdosis, 
and a correspondingly small number of microscopic lesions. Animals 
killed after 4 to 6 weeks contained few lesions or none. Tubercle 
bacilli w'cre occasionally present in small numbers at early dates, 
^Yh^ch decreased and were absent later. Ivlicroscopically, the lesions 
were small, usually unprogressive, were composed chiefly of prolifera- 
tion, vcr\" rarely contained caseation, and regressed early (the so 
called ‘‘hard’" tubercle). 

The S variant had a high \nrulcnce and was highl}^ pathogenic. It 
produced large, widespread lesions in the gross, with a correspondingh* 
large microscopic involvement, and often resulted fatally. The lesions 
were usually progressive, were composed of proliferation with early and 
considerable abscess formation and caseation (the “soft" tubercle), 
and there were often attendant allergic phenomena, contiguous 
necrosis, and anemic infarction. These latter conditions were most 
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notable at a certain period of the infection (4 to 6 weeks). Tubercle 
bacilli were found in large numbers, especially during the period 
mentioned, but decreased in surviving animals. 

The generalities mentioned above were seen to be modified by 
several factors: species, route of infection, dose, variation of dissocia- 
tion, duration of infection, and secondary infection. 

Rabbits, considering the dosage given, were less susceptible to both 
the R and S variants than guinea pigs, as they are to undissociated 
cultures. Their lesions were less progressive in appearance, abscess 
formation was rare, regression was early, and giant cells were more 
common. 

The portal of infection further modified the disease. The intra- 
testicular route in guinea pigs allowed a rapid spread and considerable 
disease production. The subcutaneous route not only decreased tlie 
rapidity of spread and the amount and type of disease (better con- 
trolled, less allergic) but, possibly because of the irregular delays of 
bacillary ingress, produced some irregularity in development. The 
intravenous route in rabbits allowed considerable disease and a good 
differentiation between variants. Intratesticular infection in tins 
species also allowed a regular development of disease by tlie virulent 
strain, but the subcutaneous portal again held up botli t}>pes of 
variant too completely for contrast. 

The infecting dose is important in fomiing a comparative picture. 
Less than 100,000 bacilli should be sufficient by testicle in guinea pigs; 
at least 100,000 is necessary subcutaneously. A milligram is required 
to infect rabbits by any route. The R variant cannot supervene in 
any of these quantities; the S variant does so as completely as it is able. 
Should the virulence of these variants be more completely refined in 
tlie future, larger and smaller doses would be necessary to test viru- 
lence. The single best method at present would be inoculation of 
10,000 to 100,000 bacilli intratesticularty in guinea pigs. 

Variants of different dissociates, or from replants of the same disso- 
ciation, have slightly different levels of virulence. It would seem 
that the infections of Series 4 (500,000 bacilli) were botli slightly less 
severe than tliose of Series 2 (100,000 bacilli). The infection obtained 
from the cultures used in Series 10 seemed more severe than those in 
Series 5 (1 mg. intravenously in rabbits). The results of inoculation 
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of the atypical, intermediate colonies used in Series 1 (5,000,000 intra- 
testicularly in guinea pigs), producing lesions with relatively slight 
differentiation, have been mentioned. 

There were definite changes in patholog}’’ dependent on the duration 
of infection. The R variant often caused small lesions at early dates, 
especially in guinea pigs, which regressed completely later. The 
disease caused by the S variant reached its height at from 4 to 6 weeks. 
There was evidence of a tendencj’’ to chronicity in the animals surviv- 
ing tliis period, as evidenced by less rapid extension, resolution, 
decrease in the number of baciUi, and a remission from signs of allerg 5 ^ 

Secondary infections possibly had an effect on the tuberculous 
process. Rabbits with S infection and snuffles died during the height 
of the tuberculosis. The snuffles became evident or was intensified 
during this period (2 to 6 weeks) in both R and S inoculants. 

It is clear that the factors which are discussed were interdependent. 
The relative age, weight, and the sex of the animals had no demon- 
strable effect on the progress of the disease. The first two factors were 
quite constant, the third was partially dictated by the routes of in- 
fection. 


DISCUSSION 

In the preceding pages we have presented the successful dissociation 
of a human type of tubercle bacillus, Hst- From the original culture 
two extreme t^^pes of variants have been isolated and a description of 
their physical and biological characteristics has been given in the text. 

To obtain a successful dissociation by the method described the 
following procedure must be carefully observ’ed; (1) Culti\’ation of the 
culture on gl 3 xerol potato bile medium for at least 4 months. (2) 
Subculture on special media with a suspension so dilute that the result- 
ing growth will be in single colonies. (3) Resuspension of picked 
Uqiical colonics in a s}-nthetic fluid medium and seeding of its filtrate 
in new flasks. (4) Assortment in this manner through at least six 
platings. Patience is the greatest asset in studies such as this, ^vith 
the development of tlic abiliU' to recognize Upical colony morpholog 3 \ 
\ irulcnce, defined as the relative abilit\’ of the particular strain in 
question lo grow in normal indi\Tdiials of an anima.1 species v/hich is 
naturally susceptible to the t\q>e from which the strain is derived, 
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is therefore the growth factor. It is the in vivo manifestation of 
propagation and it depends on some as yet undefined constituent. 
Colony morphology is the in vitro manifestation of growth and it too 
depends on the bacillary constituents. We have shown that the 
virulence of the H 37 strain is definitely associated with tlie colony 
morphology. The growth factor of the bacillus is therefore the link 
between the culture and the lesion. 

The result of dissociation of a strain forces a reconsideration of the 
host-parasite relationship in which it may be involved. Its virulent 
variant may grow in a species which is not naturally favorable soil; 
the avirulent variant may fail to propagate in an ordinarily susceptible 
species. The responsibility for virulence thus belongs increasingly to 
the baciUus and less to the host. 

The factors which are loiown to modify the development of tuber- 
culous infection have been mentioned before (11, 12). The present 
studies have reaffirmed their importance and interrelationship. The 
effect of virulence as the most important of these is emphasized. In 
order that species of animal, route of infection, and dosage of bacilli 
be the only important modifying factors of pathogenesis by the two 
variants, the bacilli for all inoculations should have been derived at 
once from a single pair of cultures. The present method, however, has 
allowed a contrast between the virulence of subcultures and an assay 
of the value of colony morphology in predicting pathogenicity. 

We are stiff engaged in further experiments on the problem of tlie 
cellular reaction to the variants, and its relationship to immunity and 
h 3 ^ersensitivity. Preliminary results w'ould indicate that each var- 
iant causes a pathogenesis which is a result of its being (1) particu- 
late matter, and (2) of a certain composition (?), and (3) of a certain 
virulence. The first mentioned character dictates the immediate 
cellular reaction, which is considered to be of the same t 3 ^e for various 
bacilli and other irritants (8, 12, 13, 14, 15). The present experiments 
demonstrated that the secondary cellular reaction (24 and 48 hours) 
w'as greater for the virulent variant; that destruction of the less 
virulent variant began very soon; and that these changes occurred 
before a general sensitization could account for the difference. 

The relative spread of bacilli and the maturity of the tubercle 
depend on virulence (growth) with the resultant differences in number 
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of lesions, maturily of mononuclears ^hosphatid), and tendency to 
necrosis (protein sensitization). Since the maturity and necrosis 
varied directly with the number of bacilli present, proof of the effect 
of the chemical composition factor is lacking in pathogenesis. That a 
difference in composition is present is suggested by the results of sensi- 
tization with heat-kiUed variant cultures. 

Healing appeared to be non-specific and its type dependent upon the 
stage of tubercle from which it developed. 

It is quite possible that there will be a further change in virulence of 
the two variants following repeated c\iltivation. The present series 
of subcultures demonstrated an increasing differentiation. Other 
strains have been refined, chiefly in the direction of avirulence, e.g. 
by long cultivation (B.C.G., Rj). The decrease in virulence of the 
Hjj R, when compared with the parent culture, is more notable than 
the increase in virulence of the S. This is probably due to the original 
relatively high virulence of the Hjt strain. 

It is also possible that other means of fordng a dissociation may be 
discovered. 

We believe it is becoming clear that in many important problems in 
the bacteriology and pathology of experimental tubercidosis one must 
take into consideration the phenomenon of bacterial instability, and 
especially that aspect which has been termed bacterial dissociation. 
The subject is stiU in an unsettled state, but the studies reported here 
give us hope that perhaps our efforts are in the right direction. 

CONCLUSIONS 

1. The Hj 7 strain of human tubercle bacillus has been dissociated 
into two variants, — the R, or avirulent, and the S, or \arulent, variants. 

2. ^^^lcn their dissociation is complete, colon}’ morpholog}’ for each 
is distinctive and t}'pical. 

3. The morphology of the indiddual bacilli of the two variants is 
different and characteristic. 

4. The R variant develops best in an acid medium; the S develops 
best in an alkaline medium. 

5. A method oi assortment to facilitate the procedure of forced 
dissociation has been described. 

6. The difference in rirulcnce has been proven by observations on 
tlic pathogenesis of the ^riants. 
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EXPLANATION OF PLATES 
Plate 31 

Fig. 1. Rvariant;gentianvioleteggmedium,pH6.1;60da3''growth. T 3 'pical, 
discrete, crater-like or ‘Vorm-cast’^ colonies, dry, upright, slighth’’ chromogenic, 
and with relativel 3 ^ clear-cut peripheries. X2. 

Fig. 2. R variant; same plate as Fig. 1. X5. 

Fig. 3. S variant; gentian violet egg medium, pH 7.2; 60 da 3 ’' growth. T 3 ^pical, 
wrinkled or stippled, cream-colored colonies, only slightl 3 ^ raised, and with spread- 
ing veil-like peripheries. Normal size. 

Fig. 4. S variant; same plate as Fig. 3. X5. 

Fig. 5. S variant; fixed smear from 35 day culture, gentian violet egg medium, 
pH 7.2; Ziehl-Neelsen stain. Short rods, occasionall 3 " curved, and with rare 
beaded forms. X865. 

Fig. 6. R variant; fixed smear from 35 day culture on gentian violet egg 
medium, pH 6.1, Ziehl-Neelsen stain. Pleomorphic acid-fast and non-acid-fast 
bacilli, usuall 3 ^ larger than the S t 3 '’pe. Club-shaped, filamentous beaded, and 
granular forms are present. X865. 

Fig. 7. Intermediate colonies; gentian violet egg medium, pH 6.1; 60 day 
growth, (c) R? colonies, twisted, slightl 3 ' moist coils witli slight chromogcnicity, 
intermingled with {b) S ? colonies, with spreading peripheral veils, a cream color, 
and slighth' raised and stippled centers. 
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Fig. 8. S variant; Proskauer and Beck s}Tithetic medium, pH 7.2; 30 day 
growth. A fine, spreading, slimy, veil-hke, surface growth vrith few dense areas. 
X2. 

Fig. 9. R variant; Proskauer and Beck synthetic rnedium, pH 6.4; 30 day 
growth. A substantial growth in discrete, fenestrated, raised islands. X2. 

Pl.\te 32 

Fig. 10. R infection, 100,000 bacfili intratesticularly. Lung of a guinea pig 
killed at 63 days. An interstitial alveolar lesion formed near a small vessel and 
composed of slightly developed epithelioid cells, monocytes, and l>Tnphoc3tes. No 
bacilli could be found. X600. 

Fig. 11. R infection, 100,000 bacilli intratesticularly. Liver of a guinea pig 
killed at 98 da3’’5. A portion of a well localized, sluggish tubercle originating in 
a portal space. Same cellular composition as Fig. 10. There were no badhi visi- 
ble. X400. 

Fig. 12. S infection, 100,000 badlli intratesticularR, Lung of a guinea pig 
dead of tuberculosis at 36 da>"s. A “soft” acute interstitial tubercle with abscess 
composed of necrotic epithelioid cells and neutrophiles. Many tubercle ba cilli 
were seen in epithelioid cells and debris. X400. 

Fig. 13. R infection, 1 mg. of badlli intravenously. Liver of a rabbit killed at 
27 days. The lesion consists almost entirely of Langhans giant cells situated 
intersinusoidally. Bacilli were not seen, X600. 

Fig. 14. S infection, same animal in Fig. 12. An exudative pneumonia in 
duster-like distribution. It is composed of whole and fragmented neutrophiles 
and epithelioid cells. Many badlli were found in cells and debris. X400. 

Plate 33 

Fig. 15. S infection, 100,000 badlli intratesticularly. Lung of a guinea pig 
dead of tuberculosis at 36 da3’s. Small abscesses with acute caseation in tissue 
contiguous to and in the walls of a large vessel. There were maa3' badlli present. 
X55. 

Fig, 16, S infection, 100,000 badlli intratesticularh*. Liver of a guinea pig 
dead of tuberculosis at 41 da3*s. An acute lesion, with abscess and earR caseation, 
in a portal space. The isolated bile ducts are seen periphemlly, and parietal to 
those arc occasional large areas of necrotic liver cells (not shown). The lesion 
contains man>* bacilli. X55. 

Fig. 17. S infection, 1 mg. of badlli intravenousR. Lung of a rabbit killed 
at 32 da3'S. Caseation of tuberde (at bottom) can be seen, with a proliferative 
pneumonia above. The predominant cell is the epithelioid. Man3’ bacilli were 
present, X600. 

Fig. is. S infection, 5,000,000 badlli intratesticularly. Spleen of a guinea pig 
dead of tuberculosis at 64 da3*s. central island of caseation is surrounded bv 
fibrin strands and an exudate of scrum and cnuhrooles. There is a complete 
loss of organic structure due to the allergic swelling. Great numbers of poorly 
staining badlli were seen in the exudate and caseation. x55. 
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Fig. 19. S infection, 500,000 bacilli intratesticularly. Liver of a guinea pig 
dead of tuberculosis at 97 days. A portion of a huge proliferative lesion character- 
istic of the older disease. It is sluggishl}^ progressive, quite discrete, contains a 
small amount of caseatipn (left) and many l 3 unphocytcs, A single bacillus was 
found in this lesion. X55. 












THE PROTECTI\rE ACTION OF COPPER AGAINST TRYP- 
ANOSOMA EQUIPERDHM INFECTION IN 
■ 'ALBINO RATS* 
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{From the Laboratory Division, Montejiore Hospital, N'esv Yorh) 

(Received for publication, July 17, 1934) 

In pre\aous vrork.it vras found that the addition of small amounts 
of copper to an adequate diet protected a large percentage of rats 
from Bartonella viiiris anemia following splenectomy (1). In sub- 
sequent experiments the effect of supplements of copper to the diet 
on the natural resistance of adult rats to Trypanosoma leuAsi infec- 
tion was studied. The addition to an adequate diet of copper in 
amounts equivalent to 0.1 mg. of elemental copper per rat per day or 
of iron in amounts equivalent to 1 mg. of elemental iron per day, or 
both, during a period of 10 days prior to an induced infection wdth 
Trypanosoma Icivisi raised the natural resistance of the rat to the 
disease. The infection was completely aborted in almost 50 per cent 
of instances (2). Supplements of lead salts in equivalent amounts, 
used as control, had no effect. 

In the present communication the effect of additions of copper 
salts to tlie diet on a subsequently induced infection with Trypa- 
nosoma cquipcrdum was determined. In preliminary’ e.xperiments the 
infection was carefully standardised for our stock of rats and the 
pathology of the disease studied (3). The ydnilence of this tiypa- 
nosomc for the white rat is so great that it was essential first to es- 
tablish the critical dose of organisms that results in a fatal infection 
and to determine the duration of the disease ndth varydng numbers of 
parasites. 

Following the standardization of the infection in normal rats the 
ciTccts of copper supplements on the course of the infection was 

• before the Federation of Amcricin Societies for Erpcrintcntal Biology-, 
Xcv; Yor):, March 31, 1934. 
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studied in 4 groups of rats infected with varying quantities of tryp- 
anosomes. 

The rats used in these experiments have been raised in our laboratory for 
many years and maintained under constant environmental and dietary conditions. 
The diet consisted of 15 gm. per rat per day of a mixture composed of hominy 
100 parts, rolled oats 25 parts, fine meat and bone scraps 25 parts, dried skimmed 
milk 16 parts, and salt 1-^- parts. Twice a week the rats received whole milk and 
bread ad Jib, and greens (lettuce leaves). The exact copper content of this diet 
was diificult to estimate, but the food mixture was found to contain about 0.025 
mg. of elemental copper per 15 gm. of food. In the experiments reported the 
copper was added in the form of copper sulfate in amounts equivalent to 0.2 mg. 
of copper per rat per day. Lactose was used as a vehicle. The iron was added 
in the form of iron ammonium citrate in doses equivalent to 2 mg, of elemental 
iron per 

The experiments were divided into 4 groups. In the first group, 
20 million trypanosomes were used as the infecting dose; in the second 
group, 100,000 trypanosomes; in the third group, 10,000 trypano- 
somes; and in the fourth group 2,000 trypanosomes. In the first 3 
groups the effect of additions of copper to an adequate diet on tlie 
course of the subsequently induced infection was studied. In the 
fourth group the effect of additions of copper or iron to the diet on the 
subsequently induced infection was determined. 

The Effect of Copper S^ipplements to an Adequate Diet, on Trypanosovia 
equiperdnm Infection Induced with Large Numbers of Parasites 

The rats were divided into 2 groups. Group I consisted of 30 rats. Of these, 
10 received daily supplements of copper as copper sulfate in amounts equivalent 
to 0.2 mg. of elemental copper per da 3 % and 20 rats were fed on the normal diet. 
The supplements were commenced 10 da 3 ^s prior to the injection of blood of tr}!^- 
anosome-infected rats. Each was injected intraperitoneally with 20 million 
tr>"panosomes. Group II consisted of 16 rats. Of these, 8 received copper 
supplements as in Group I, during a period of 10 days prior to injection of trypano- 
somes, and 8 received the normal diet. Each of these rats was injected intra- 
peritoneall}’ with 100,000 tr^'panosomes. 

Results . — ^All the rats of these 2 groups succumbed to the infection. 
There was no essential difference in the course of the disease, but a 

^ I am indebted to the Myron L. Walker Co., Inc., of Mt. Vernon, New York, 
for the copper and iron preparations. 
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Results. — ^With 10,000 trypanosomes as the infecting, dose all the 
controls succumbed to the infection. The average duration of life 
was 9.2 days. ■ Of tlie copper-fed group, 75 per cent developed no 
obvious evidence of infection (abortive infection) and sur%aved. No 
parasites were observed in smears of the blood. With 2,000 trypano- 
somes as the infecting dose, 48 per cent of tlie controls developed 
severe infections and died, but all of tire rats wliich had received 
copper and iron supplements to the diet had abortive infections and 
survived. 

From these experiments it may be observed that additions of copper 
or iron to an adequate diet in the rat definitely raise the natural 
resistance of this animal to a subsequently induced infection with 
T rypaiwsoma equiperdum. 


DISCUSSION 

The importance of copper in the resistance of albino rats to three 
types of infection, with Bartonella inuris, Trypanosoma Icrmsi, and 
Trypanosoma equip erdjcm respectively, has been indicated by the ex- 
periments reported in previous studies and in the present one. The 
rat is an ideal animal in which to study tlie effect of copper on re- 
sistance, as the diet of the rats used in most laboratories contains a 
minimal amount of copper (sufficient, however, to prevent nutri- 
tional anemia). 

Cunningham in a study of the relative amounts of copper in vari- 
ous animal and plant tissues found that the rat has less copper in its 
organs than any other animal studied (4). The liver of tlie rat con- 
tains 1/20 to 1/30 the percentage weight of copper found in the liver 
of the rabbit or tlie guinea pig. Individual variations in tlie re- 
sistance to Bartonella inuris, Trypanosoma lewisi, and Trypanosoma 
equiperdum, may be dependent on the copper content of tlie food of 
these animals. It is of interest that the guinea pig, an animal low in 
resistance to many infections, is refractory to Trypanosoma Icioisi and 
Bartonella inuris and develops a chronic infection irith Trypanosoma 
equiperdum. The copper content of its diet and tissues is high. The 
rat, highly resistant to most infections, is very susceptible to these 
three diseases. The copper content of its diet and tissues is low. 
The results of the e.xperiments reported do not suggest, however, that 
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in excess of copper in a diet already adequately supplied -sritii this 
dement Tvill increase the resistance of the individual above the normal 
level. 

It is of significance that the species susceptibility of ^e rat to 
certain infections may be markedly altered by adding copper or iron 
to the diet prior to infection. It is probable that the protective 
action is dependent on the fact that copper is a catalytic oxidative 
agent in cellular metabolism. In rats the copper content of the 
tissues, -while sufficient to prevent a nutritional anemia, may result 
in a depression of the threshold resistance of the cell to certain tjqies 
of injury. 

These studies on the role of copper in the diet in natural resistance 
to infections emphasize again the importance of maintaining the con- 
ditions of diet, en-vironment, and strain of animals constant in ex- 
perimental studies on infection and resistance. No doubt vari- 
ations in resistance observed in apparently identical infections in 
different laboratories are due to subtle variations in strain, diet, and 
en-vironment. 


SUIOIARY 

The effect was studied of additions of copper to an adequate diet on 
the course of infection with Trypanosoma equiperdum in rats. Copper 
in amounts equivalent to 0.2 mg. of elemental copper per rat per day 
during a period of 10 days prior to an induced infection ■v\-ith small 
numbers of tej^janosomes raised the natural resistance of the rat to 
the infection. The infection was aborted in all instances when the 
rats were infected by the injection of 2,000 trj-panosomes and in 75 
per cent of instances when the rats were infected by the injection of 
10,000 tiypanosomcs. 


CONCLUSION* 

The natural rc.tistance of the rat to infection with Trypanosoma 
equiperdum can be markedly raised by supplements of copper to the 
diet prior to infection. 
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The preceding study in this series, on the metabolism of cells of 
transmissible lymphatic leukemia (9), showed greater consistencj- in 
repeated observations than is reported by others for neoplastic tissue 
(1, 2, 5, 10). Since no other account has included a statement as to 
genetic uniformity of hosts, it seemed possible that the high varia- 
bility of other results on tissue metabolism might be related to varia- 
bility of hosts. The experiments herein recorded test directly the 
effects of genetically different host constitutions upon the metabolism 
of given lines of leukemic cells. 

Material 

The highly inbred strains of mice reported in earUer papers of this scries by 
MacDowcU and Richter (3, 4, 6) and tvro of the transmission lines of cells of 
h-mphatic leukemia proved especially well suited for this study. 

The experiments have been carried out with mice, 5 to S weeks old, from the 
26th to 52nd generations of brother by sister matings of Strain CSS and from the 
29lh to 31st generations of brother by sister matings of Strain Storrs-Little. 
More than half of the mice from each strain came from the 30th generation. 
For obscrv’ations on the normal metabolism of the hmiph nodes, 48 mice from each 
strain were studied. Leukemic cells were used of Line I, Transfers 264-275, 
and of Line M -liver, Transfers 55-67. The metabolism of these cell lines growing 
in mice of Strain C5S has already been reported (S, 9). 

The same doses of the same saline suspensions of cells were inoculated into 
mice of Strains Storrs-Little and C5S. With cells of Line Mdiver 100 per cent 
of 107 mice in Strain CSS died 3.5-6 days after inoculation, and 47 per cent of 59 
mice in Strain Storrs-Little in 4-9 da\*s. With Line I, 100 per cent of 52 
mice died in 3.5-5 diys in Strain C5?. and 4S per cent of 60 mice in Strain Storrs- 
Little in 4-7 days. 
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Line ISLliver ^vas carried through Strain Storrs-Little for two and three trans- 
fers and then successfully transferred back to Strain CSS in 100 per cent of 16 mice. 
Line I, after one transfer through Storrs-Little mice was successfully returned to 
CSS hosts in 52 per cent of 25 mice. 


Method 

The method of observing metabolic rates used in this study is identical with 
that of tlie previous experiments (9). The oxj’gen consumption and aerobic 
and anaerobic glycolysis were measured with the Fenn modification of the Thun- 
berg differential volumeter. Infiltrated nodes were taken at the time after inocu- 
lation when the infiltration of leukemic cells had become so extensive that tlie 
normal architecture of tlie gland had been completely obliterated. To determine 
the time required for this change, special histological studies were made with 
independent material with eacli of the lines in both strains during the course of 
these experiments. Judged by tlie degree of infiltration and number of mitotic 
figures in the involved areas, the distribution of lesions and the rate of growth 
of the inoculated cells are the same in Strain Storrs-Little as in Strain CSS for the 
first 3-5 da 3 "s. In Strain Storrs-Little at this period no evidence was found of the 
necrosis and resorption of leukemic cells that subsequent!}" appears in many cases 
in this strain in connection with recovery. This point is confirmed by cytological 
observations of tissues actually used in these experiments. From stud}" of SO 
sets of tissue taken from respirometers, no difference could be detected in staining 
reactions, occurrence of pycnotic nuclei, and degenerating cells from tissue fixed 
at death; and leukemic tissues from Strains C58 and Storrs-Little do not differ. 
Thus strain differences in the amount of living infiltrations due to unexpectedly 
early retrogression in Storrs-Little hosts are not involved in the general results. 

The cervical, abdominal, and inguinal l}"mph nodes were studied. To obtain 
sufficient material for determination of the normal oxygen consumption, aerobic 
and anaerobic glycol 3 "sis, tymph nodes of four mice of the same sex and almost 
invariably from the same litter were combined. Each leukemic mouse usually 
gave sufficient material for a determination, although it was occasional!}" necessary 
to combine tissues from two or three mice. The nodes were immersed in glucose- 
free Ringer’s solution and cut into slices 0.2-0.3 mm. thick and then weighed on a 
torsion balance accurate to 0.2 mg. 30-100 mg. of tissue, moist w^eight, were placed 
in each respirometer. The moisture content was estimated as 80 per cent and 
corrected by this factor (7). 

The ox 3 'gen consumption was measured directly with the tissue in Ringer’s solu- 
tion of 0.9 per cent NaCl, 0.022 per cent KCl, and 0.0236 per cent CaCls, containing 
0.2 per cent glucose. In some cases a phosphate buffer of pH 7.4 w’as used. The 
presence of the buffer did not influence the rate or duration of a constant oxygen 
use, CO 2 was absorbed b}" a 0.1 n NaOH solution placed in an inset. A control 
respirometer contained tissue immersed in glucose-free Ringer’s solution to w’hich 
0.025 u NaHCOa was added. The solution was equilibrated with a gas mixture 
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of 5 per cent CO 2 and 95 per cent O 2 by bubbling the inktuxe through it for 16 
hour. Then the gas mixture was run through the experimental bottle, after the 
tissue had been placed in the Ringer bicarbonate solution, for another 10 minutes. 
Flushing of the bottles with the gases was insured by ha\iQg an outlet through a 
stop-cock attached to them. The excess aerobic and anaerobic glycolysis was 
measured with 0.2 per cent glucose in the Ringer-bicarbonate solution and by 
equilibrating the tissue and solution with 5 per cent CO 2 and 95 per cent O 2 for 
the aerobic, and 5 per cent CO 2 and 95 per cent N 2 for the anaerobic determina- 
tions. The pH in this bicarbonate sj'stem, according to the Henderson-Hassel- 
balch equation, is 7,44. The respirometers were shaken 14Q-160 times a minute 
through an excursion of 5 cm. The temperature was 37.5°C. :i:0.005°C. At the 
conclusion of a metabolic determination the tissue in the respirometer was fixed 
in Flemming’s fixative for microscopical stud^*. 

The results are e.xpressed as follows: 

^ c.mm. oxygen consumed 
mg. dr>* weight per hour 


O: c.mm. excess aerobic glycolysis 

QcOi “ 


^cbi ~ 


mg. dry weight per hour 

c.mm. excess anaerobic glycolysis 
mg, dry weight per hour 


RESULTS 

In Table I are the in<ii\i(iual determinations of tbe rates of oxj’gen 
consumption and aerobic and anaerobic glycolysis of the normal 
Ij-mph nodes of Strains C58 and Storrs-Little. In Table 11 are the 
dates, transfer number, interval after inoculation, and indi\ndual 
determinations of the metabolism of l 3 Tnph nodes of mice of Strains 
CSS and Storrs-Little inoculated with cells of Line M-liver. In Part 
A of this table are the obseiA-ations for the line in Strain CSS; in Part 
B the observations in Storrs-Little (the second column gi\'ing the 
number of transfers in Storrs-Little) ; and in Part C the metabolism 
of the cells on return to Strain CSS from Storrs-Little. Table III is 
similar to Table II; the results are concerned 'anth Line I instead of 
M-liver. In Table W, the first part is a summaiy- of the mca.ns, their 
probable errors, and tlic standard de\aations for these different lines 
of cells and strains of mice. The second part is a statistical analj-sis 
of the differences observed. Differences that are 3 or more times 
their probable errors arc considered statistically significant. Thcs^c 
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have been set in bold faced type. Fig. 1 represents the arithmetic 
means and their probable errors of the metabolic rates of leukemic 
cells of Lines I and M-liver, in Strain C58 and in Strain Storrs-Little. 

TABLE I 


Raks of Oxygen Consumption and Aerobic and Anaerobic Glycolysis of Lymph 
Nodes of Uninociilalcd Mice of Strains CSS and Slorrs-Litllc — 

6-S IFcc/tj Old 


Qo, 

fp2 


Strain CSS uninoculated — iS mice used 

5.0 

2.3 

4.4 

7.0 

3.0 

3.2 

4.7 

2.0 

3.4 

6.5 

2.0 

4.7 

5.5 

1.9 

4.4 

4.4 

2.1 

4.4 

5.4 

2.6 

6.3 

5.1 

1.1 

7.2 

5.4 

1.1 

S.l 

5.1 

2.3 

8.0 

5.9 

2.4 

6.8 

5.4 

2.7 

8.4 


Strain Storrs-Little uninoculated — iS mice used 


5.8 

1.5 

5.5 

6.0 

2.4 

3.9 

6.6 

1.1 

5.7 

5.5 

3.1 

6.3 

6.5 

2.4 

6.4 

5.5 

3.0 

6.3 

5.0 

2.0 

7.1 

5.4 

1.4 

6.9 

5.6 

1.5 

: 5.4 

5.6 

3.6 

8.5 

5.1 

2.8 

8.9 

4.9 

2.S 

7.1 


These data and summaries reveal the following: 

The Genetic Constitution of the Host Affects the Metaholisni of Trans- 
mitted Leuhemic Cells. — The five differences in bold faced type in the 
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TABLE n 


Line M-Liver in Lymph ^odcs of Hosts from Strains C58 and Storrs-Little 


No. of yuccessivj irarisfers of Line il-Uvcr 
in hosts of each strain at time of observation 


Length of 
time after 
inoculation 


Metabolic rates of lyuipb codes 

Date 

1 

Go, 




Part A. Hosts from Strain C5S — 2A: mice used 





days 





C58 

55 


4 


7.5 

7.9 

19.4 

tt 

55 


4 

a 19 

4.9 

7.2 

18.4 

(( 

56 


4 

23 

6.9 

6.8 

23.7 

tt 

56 


4 

“ 23 

6.0 

9.8 

19.3 

tt 

57 


4 

“ 27 

5.2 

8.8 

21.2 

tt 

57 


4 

“ 27 

5.7 

9.9 

19.1 

ft 

57 


4 

« 27 

5.5 

7.7 

17,5 

tt 

58 


4 

“ 30 

5.4 

9.4 

20.1 

ft 

58 


4 

“ 30 

5.6 

10.6 

21.5 

tt 

58 


4 

“ 30 

6.7 

6.0 

16.1 

tt 

63 


4 

Feb. 20 

4.7 

S.l 

20.3 

tt 

63 


4 

“ 20 

5.3 

8.6 

20.7 

Part B. 

Hosts from Strain Storrs-Little — 20 mice used 



C58 61 StoTTS-Little 1 

5 

Feb. 12 

6.1 

4.0 

11.0 

” 61 

tt 

2 

5 

16 

6.4 

4.7 

13 .5 

“ 61 

it 

1 

5 

“ 18 

6.3 

5.2 

16.1 

“ 61 

tt 

1 

5 

IS 

6.1 

5.4 

14.9 

‘‘ 61 

it 

3 

5 

** 22 

5.4 

4.5 

10.1 

“ 66 

tt 

2 

5 

Mar. 13 

6.2 

4.5 

11.9 

« 67 

tt 

2 

6 

“ 15 

6.2 

5.0 

13.4 

“ 67 

tt 

2 

6 

15 

6.6 

4.8 

14.7 

“ 67 

tt 

3 

7 

“ 22 

5.0 

4.1 

11.7 

“ 66 

tt 

A 

6 

** 25 

5.4 

4.4 

14.8 

Part C. Hosts 

from Strain CSS foUovdns transfers in Storrs-Little — 10 mice used 

CSS 61 StoTT 

s-Litilc 3 C5S 1 

6 

Feb. 2S 

5.6 

f 7.2 

j 20.8 

“ 66 


2 “ 1 

3 

Mar. 16 

5.5 

j 7.S 

; 19.5 

67 

tt 

2 “ 1 

5 

20 

5.6 

! 10.1 

i 20.7 

e>6 

tt 

3 “ 1 

< 

** 

23 

1 5.0 

I 

! 20.0 

“ 67 

it 

2 1 

5 

“ 2' 

1 5.2 

1 10,9 

j 20.7 


second part of Table JV pro\Tdc the experimental c\ddencc sup- 
porting this proposition. Each of these dificrcnces is in the metab- 
olism of a line of cells in hosts of diiTcrcnt constitution. 
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TABLE III 


Line I in Lymph Nodes of Hosts from Strains CSS and Storrs-Littlc 


No. of successive transfers of Line I in hosts 
of each strain at time of obscr\’ation 

Length of 
time after 
inoculation 

1 

Date 

Metabolic rates of l>Tnpb nodes 


Ocb, 

Ocb, 

Part A, Hosts from Strain C58 — -20 mice used 



days 

1933 




C58 264 

3 

Feb. 

23 

5.9 

7.0 

16.2 

“ 264 

3 

it 

23 

5.8 

10.5 

18.8 

“ 266 

4 

^lar. 

3 

4.9 

8.4 

20.2 

“ 268 

4 

it 

10 

5.9 

7.6 

20.4 

“ 272 

4 

it 

24 

5.0 

8.4 

16.0 

" 272 

4 

it 

24 

5.6 

7.4 

15.0 

“ 273 

3 


27 

5.4 

8.6 

19.0 

“ 273 

4 

it 

28 

5.1 

6.2 

18.2 

to 

Cn 

3 

Apr. 

3 

5.9 

6.3 

17.7 

“ 275 

3 

a 

3 

5.1 

7.4 

18.7 


Part B, Hosts from Strain Storrs-Little — 20 mice used 


C58 260 Storrs-Little 1 

4 

Feb. 

10 

6.2 

2.7 

7.5 

260 

(( 

1 ! 

4 

it 

10 

6.1 1 

1.9 

10.5 

260 

it 

1 

5 

tt 

11 

7.1 

2.5 

7.9 

264 

it 

1 

5 

it 

24 

6.3 

3.0 

9.7 

“ 264 

it 

1 

5 

tt 

24 

6.6 

3.2 

11.2 

“ 264 

it 

1 

4 

tt 

25 

6.4 

5.0 

11.3 

269 

it 

2 

5 

Mar. 

22 

6.7 

5.8 

15.2 

“ 269 

it 

2 

6 

tt 

23 

6.8 

' 7.3 

13.7 

272 

it 

1 

4 

it 

28 


4.8 

13.6 

“ 272 

it 

2 

4 

Apr. 

1 


8.2 



Part C. Hosts from Strain CSS following transfers in Storrs-Little — 12 mice used 


C58 269 Storrs-Little 1 C58 1 

4 

Mar. 21 

5.7 

7.6 

19.8 

“ 269 

it 

1 “ 1 

4 

“ 21 

5.1 

7.3 

17.3 

272 

it 

1 1 

3 

" 31 


7.5 

19.6 

“ 272 

tt 

1 “ 1 

4 

Apr. 1 

5.5 

7.3 

25.2 

273 

tt 

1 “ 1 

4 

“ 5 

6.0 

6.5 

19.0 

273 

tt 

1 “ 1 

5 

6 

5.7 

6.0 

19.6 


However different the constitution of the hosts from these two 
strains may be, the metabolism of their lymph nodes before inocu- 
lation is not significantly different; as shown by this same table, the 
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errors. ’ ^ ^bout equal their probable 
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and anaerobic glycol^ 1 

anaerobic gly^ysif "" =>a™bic and 
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other comparisons given in ffis taH th"^ ^”“"S ‘a” 

tistical significance is 2.6S tii^s the nmlf m" approach to sta- 

These results, however sig„&a„f to o ! 

only on the basis of the Conditions of interpreted 

depends the evidence that the difF the experiment. Upon these 

with changes in the cpU i* erences observed are not concerned 

between hosts are genetic. and that the differences 

to all criteria dCnSTro ^ according 

tion of lesion;: ^-tribu^ 

rates of a line may be constant ov ’ T” metabolism. The metabolic 
in the same hosts and fli h periods of successive transfers 

these erperimeto were “arted^- 

Strain C58 gave different ^, 1 . r'''' ^ hosts of 

nients tlie difference is shown whereas in these experi- 

was necessary to eliminate tb ° disappeared. Accordingly, it 

using the sam" tr^sTer f ^ 

indicated in Tables II and TTT c- strains of mice, as 

changes in the cell lines thev m ' results are not due to 

host animals. ^ due to differences between tlie 

were ijuy '2m°°''Ai?we“1.''T™“® “ 
carried to New York bv b r^^r- Spring Harbor and 

were a month old Since ah” subway soon after tliey 

birth, they spent rouX Z 

mouse room. Thus non amount of time in the New York 

Of hosts uppearT^hl^trehr^to^ 

eel. Positive evidence of genetic 
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differences is pro\aded by the pedigree record of every mouse bom in 
these strains. They differ in three genes for .hair color, namely, black 
vs. brown, intense pigment vs. dilute, and pink eyes vs. dark eyes. 
Mice of Strain C58 are all black, as have been all those bom in this 
strain since 1922; mice of Strain Storrs-Little are called pink-eyed, 
dilute brown, and all mice bom in this strain since 1923 have been of 
the same description. These strains differ further in an undetermined 
number of genes influencing susceptibility of different lines of leukemic 
cells; one of these, necessarj^ for the continued growth of Line I in one 
long period of its history, has been identified (4). 

Non-genetic differences do not exist; genetic differences do exist. 
WTiatever the nature of the differences between strains involved in the 
modification of the metabolism of the leukemic cells, it seems nec- 
essarj’’ to conclude that they are under the control of heredity. Under 
these conditions the effect of differences between these strains is open 
to investigation. The only point that can be indicated at present is 
that the metabolism of the normal hmphoid tissue is not concerned, 
since in this respect, as already pointed out, these strains are es- 
sentially alike. 

The Effect of Host Constitution V'^arics u^ith the Line of Leukemic 
Cells . — In Strain CSS the metabolism of Line I is similar in all three 
criteria to Line M-liver. Yet in passing to hosts of Strain Storrs- 
Littlc the metabolism of these lines is altered in different ways. The 
rate of oxj'gen consumption of Line I was significantly increased (dif- 
ference is 10 times its probable error) in Strain Storrs-Little, while 
that of Line M-liver was significantly the same as in Strain C58 (dif- 
ference equals its probable error). Although both lines in Storrs- 
Little show a similar change in means for aerobic and anaerobic 
glycolysis, a further difference in rcsjx)nse of lines is indicated by the 
greater variability in determinations of aerobic glycolysis of Line I. 
1 he coefficients of variability of the aerobic glycolysis for Line I is 
46 per cent, for Line M-liver, 10 per cent. 

1 hus the metabolic response to changes in their en\’ironment mav 
reveal differences between lines that by all other criteria arc indistin- 
guishable. This extends to a considerable degree of subtility the pre- 
vious conclusion that there are inherent differences between lines of 
transmissible lymphatic leukemia that modify their metabolism, and 
indicates the care neccssarj' before concluding that two lines are alike. 
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The experiments were carried out with leukemic cells of transmission 
Line I as well as with Line M-livcr. About 50 per cent of the Storrs- 
Little mice were killed by each line of cells at tliis time, while 100 
per cent of tlie C5S mice were killed. 

2. The normal lymphoid tissues of tire two strains of mice were 
significantly the same in regard to rates of oxygen consumption and 
both aerobic and anaerobic glycolysis. 

3. Leukemic cells of Line I, growing in hosts of Strain Storrs-Little, 
gave significantly lower rates of aerobic and anaerobic glycolysis than 
when growing in hosts of Strain C58. Oxygen consumption was 
significantly liigher. Leukemic cells of Line M-Iiver, growing in hosts 
of Strain Storrs-Little, gave significantly lower rates of aerobic and 
anaerobic glycolysis than when growing in Strain C58. Oxygen con- 
sumption was not significantly different. 

4. After one to three passages through hosts of Strain Storrs-Little, 
the cell lines were returned to hosts of Strain C58, with immediate 
return to significantly the same metabolic rates originally given b)'’ 
each line in hosts of Strain C58. 

5. These results lead to the more general conclusions that: (o) The 
genetic constitution of the host modifies the metabolism of the cell 
line, (b) The same host constitution may modify the metabolism of 
different cell lines in different ways, (c) Host constitution does not 
appear to modify the inherent constitution of the leukemic cells, but 
acts as a determining environmental factor on their metabolism. 

We are indebted to Miss Margaret R. Prest for assistance through- 
out this work. 
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THE ANTIBODY RESPONSE OF RABBITS TO INJECTIONS OF 
EMULSIONS AND EXTRACTS OF HOIMOLOGOUS BRAIN 

By FRANCIS F. SCHU’ENTKER, M.D., and THOMAS il. RI\T:RS, M,D. 

{From the Hospital of The Rockefeller Institute for Medical Research) 
(Received for publication, July 30, 1934) 

Since the discover}^ of hemolj^ins by Bordet attempts have been 
made to demonstrate antibodies against practically every’' ty^^e of cell 
and tissue in the body. IMost of the efforts were prompted by the 
idea that certain diseases, for example nephritis and diabetes, charac- 
terized by degenerative changes in the affected organs, might be due 
to the development of antibodies against the tissues of the particular 
organ involved. However, the early claims made for the specificity of 
organ antibodies have been discounted to such an extent by later more 
seasoned work that the theories evolved from them have been dis- 
carded in the majority of instances. In the period since 1926, Brandt, 
Guth, and Muller (1) and others (2, 3, 4) have demonstrated that brain 
tissue contains an alcohol-soluble lipoid which functions as a haptene 
and that when this lipoid is mixed with a heterologous protein a com- 
plete antigen is formed capable of inciting in animals the development 
of complement-fi.xing antibodies which are organ- rather than species- 
specific. This discovery again opens, for brain at least, the question 
of the etiological role of organ-specific antibodies in certain degenera- 
tive diseases and strengthens materially' the hj^pothesis that the 
cnccphalomy'clitis which follows antirabies vaccination, if not the 
entire group of postinfection encephalitides. is in some manner asso- 
ciated with the development of specific antibodies for brain. 

EXrERIMTNTAL 

Since a number of workers (2, 4) have already shovm that fresh 
emulsions of homologous brain possess little or no antigenicity and 
that only' when a heterologous protein is added to the brain haptene 
docs it become a complete antigen, we were Interested to sec whether 
Certain degenerative processes such as autolysis arc capable of altering 
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homologous brain material to such an extent that it becomes a com- 
plete antigenic complex. If this proved to be so, we planned to study 
the characteristics of the antigen as well as of the antibodies elicited by 
it. To tliis end rabbits were injected (1) with freslily prepared emul- 
sions of rabbit brain, (2) with similar emulsions to which pig serum 
had been added, (3) with sterile emulsions of rabbit brain that had 
been allowed to stand at room temperature for 5 to 30 days, (4) with 
fresh emulsions prepared from rabbit brains experimentally infected 
with vaccine virus, and (5) with alcoholic extracts of rabbit brain plus 
pig serum. Following the injections sera of the animals were examined 
by means of complement fixation tests for the presence of antibodies 
against aqueous emulsions and alcoholic extracts of various organs. 

Methods 

Rabbits, — Onl}" young mature rabbits averaging 2000 gm. in weight were used. 
To insure a maximum uniformity in the antibody response, only pure-strain 
self-blue English rabbits received injections. The rabbits which received injec- 
tions of emulsions of brain infected with vaccine virus were immunized 2 weeks 
prior to the initiation of the experiment by means of intradermal injections of 0.2S 
cc. of a 1:10 dilution of vaccine virus prepared in tissue culture according to the 
method of Rivers (5). 

Emnlsions of Fresh Brain , — 5 gm. of brain tissue removed aseptically from a 
rabbit were ground in a mortar with alundum until thoroughl}’^ macerated. 80 cc. 
of Locke’s solution were added by increments during the process of grinding until 
the tissue was well emulsified. The suspension was then centrifuged at low speed 
for 2 minutes and the supernatant fluid removed by means of a pipette. The 
inoculum was prepared by the addition of 10 cc. of Locke’s solution to each 40 cc, 
of the supernatant fluid, 

Em7dsio}2s of Fresh Brain Phis Pig Scrum , — ^Emulsions of fresh brain plus pig 
serum were prepared in a manner similar to that just described for the preparation 
of emulsions of fresh brain, except that in the final step, 10 cc. of pig serum, instead 
of Locke’s solution, were added to each 40 cc. of the centrifuged suspension. 

Emulsions of Autolyzed Brain , — ^Brain tissue was ground directly to a 5 per cent 
emulsion in a manner similar to that described for the preparation of emulsions of 
fresh brain. The supernatant fluid from the centrifuged suspension was trans- 
ferred to a sterile flask that was then closed by a cotton plug over which were 
placed several layers of tin-foil. This material was allowed to stand at room 
temperature during the course of the experiment. As required for the injections, 
portions of the emulsion were removed from 5 to 30 days after preparation. Be- 
fore use and from time to time during the experiment samples of the emulsion were 
tested for the presence of bacterial contaminants by means of aerobic and anaerobic 
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cultures made in meat infusion broth (pH 7.8) and on blood agar. In no case 
during the course of an experiment were bacteria grovm from emulsions found 
sterile at the start. 

Emulsions of Brain Infecled vnth Vaccine Virus. — rabbit was inoculated 
intracerebrally with 0.25 cc. of a 5 per cent emulsion of rabbit brain infected with 
the Levadid strain of vaccine virus. On the 3rd day after injecdon usually at 
the height of the infecdon the rabbit was killed. A 5 per cent emulsion in Locke’s 
soludon was prepared from the brain, the technique being similar to that described 
for the preparadon of emulsions of fresh normal brain. The absence of ordinar>^ 
bacterial contaminants in the brain was shown by means of aerobic and anaerobic 
cultures made in meat infusion broth (pH 7.8). On each occasion an addidonal 
rabbit was inoculated intracerebrally with a pordon of the emulsion in order to 
furnish brain material for the next immunizing injecdon. 

Alcoholic Extracts. — Alcoholic extracts of brain were prepared in the following 
manner: A known amount of tissue was thoroughly macerated in a mortar to 
which were added 5 cc. of 95 per cent ethyl alcohol for each gram of brain. The 
mixture was transferred to a flask which was then closed by a well fitting cork and 
allowed to stand at room temperature for 5 to 10 da\"S. Then the material was 
passed through filter paper. In order to make immunizing emulsions 10 cc. of the 
filtrate were e\xiporated almost to drxmess on the water bath and the residue was 
emulsified in 20 cc. of Locke’s soludon to which 5 cc, of pig serum had been added. 
For the experiments in whicli alcoholic extracts of organs other than brain were 
used the method of preparadon of the extracts was the same. 

Immunization of Rabbits. — Each rabbit received intraperitoneally 10 xnjecdons 
of 5 cc. of the brain emulsions or brain e.xtracts. The inoculadons were made at 
intcr\'als of 2 or 3 da^-s, and 10 days after the last injecdon the animals were bled 
from car veins to furnish sera for the complement fixadon tests. 

Complement Fixation Test . — The antisheep-cell system was used in the comple- 
ment fixadon tests. 0.2 cc. of diluted inacd\'ated antiserum from rabbits that had 
received the different preparations of brain, 0.2 cc. of antigen (organ emulsions or 
extracts), and 0.2 cc. of guinea pig scrum diluted so as to contain 2 units of comple- 
ment, were mixed in a Wassermann tube and incubated for 30 minutes at 37“C. in 
a water bath. 0.2 cc. of 5 per cent suspension of washed sheep cells and 0.2 cc. 
(2 units) of andsh cep-cell amboceptor were added and the tubes again incubated 
for 30 minutes at 37'C. The results of the tests vrcrc recorded in terms of the 
amount of fixation of complement, from 4-f indicating total complement fixation 
and no hemolysis to - designating complete hking of the sheep cells. Two I'.'pcs 
of antigen were U5c<i in the tests, aqueous emulsions and alcoholic extracts. In 
order to make aqueous antigens 1 gm. of the pardoilar organ desired was thor- 
oughly ground in a mortar with alundum, and 25 cc. of ph^-siological saline solution 
were added by increments during the process of grinding until a homogeneous 
emulsion result cil. This suspension v.t.s filtered through a tichtiv folded pad of 
absorbent cotton to rcm.ove the alundum and Large bits of tissue. When less 
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concentrated emulsions were used, the necessary dilutions were made from the 
original 1:25 suspension. The preparation of alcoholic antigens was accom- 
plished by the evaporation of a known volume of the alcoholic organ extract 
almost to dryness on a water bath and the suspension of the residue in a given 
volume of physiological saline solution. The concentration of this antigen was 
designated by the ratio between the original volume of alcoholic extract used and 
the amount of saline solution in which the residue was resuspended. 

TABLE I 

Summary of Results of Complemcnf Fixafion Experiments Indicating the Presence 
or Absence of Antibodies in the Sera of Rabbits Injected with Various Emulsions 
and Extracts of Bonwlogous Brain 


Amount of complement fixed by different antisera^ 
in the presence of an aqueous emulsion of rabbit bram 


Material used for immunization 



Dilution of scrum 




1:5 

1:10 

1:20 

1:40 

1:80 

1:160 

Fresh rabbit brain 







— 

— 

— 

plus pig serum 

4-1- 

4-1- 

2-f 

— 

— 

— 

Autolyzed rabbit brain 

4-f 

4-1- 

4-1- 

4-f 

2-f 

— 

Vaccine virus rabbit brain 

4-1- 

4-1- 

4-1- 

4-h 

1-f 

— 

Alcoholic extract of rabbit brain plus pig 
serum. 

4-1- 

4-f 

1 + 

— 

— 

; - 


4+ indicates complete fixation of complement. 

— indicates no fixation. 

The results given for alcoholic extract of rabbit brain plus pig serum were taken 
from another experiment and are therefore not strictly comparable to the others. 

Antigenicity of Homologous Brain 

In order to test the antigenic qualities of homologous brain six 
experiments were performed, in which 79 rabbits were used. The ani- 
mals in each experiment were divided into groups of four or five, and 
each group of animals received injections of one of the preparations of 
homologous brain tissue described above. For the most part each 
experiment was a repetition in whole or in part of the others. The 
results obtained in a typical experiment have been summarized m 
Table I and clearly show (1) that rabbits injected with fresh emulsions 
of homologous brain developed few or no antibodies against brain 
tissue, (2) that antibrain antibodies were elicited by fresh emulsions of 
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homologous brain to •which pig serum had been added, (3) that autol- 
3 ^is alone changed the nature of homologous brain tissue to such an 
extent that it became a complete antigen, (4) that rabbits -which 
received injections of emulsions of fresh homologous brain infected 
■with vaccine -virus readily developed antibrain antibodies, and (5) 

TABLE n 


Summary of Results of Complement Fixation Tests Conducted leith Sera of Rabbits 
Immunized ulth Autolyzed Eom.ologous Brain Emulsions 


Aatigca 

DQution 

of 

antigen 

DHution of senim 

1:5 

1:10 

1:20 


1:£0 

1:160 

1:320 

1:640 

Emulsion of rabbit brain 

1:50 

4-f 

4-f 

4-f 

4-f 

4-f 

4-f 

3-f 

- 

tt 

** •* kidnpv' 

1’50 

4-f 

4 a- 

3-f 








u 

“ “ liver 

1:50 

4-h 

1 -f 


— 

— 

— 



fi 

“ “ spleen 

1:50 

3-h 


— 

— 

— 

— 



ti 

“ “ red cells 

1:25 

— 

— 

— 

— 

— 

— 



tt 

“ guinea pig brain 

1:50 

4-f 

4-f 

1 

4-f 

4-f 

4-f 

1 -f 

— 

ti 

“ “ kidnev 

1:50 

4-f 

4-f 

2 -f 

— 

— 

— 



It 

“ “ ” liver 

1:50 

4-f 

4-f 

1 -f 

— 

— 




It 

** “ ** spleen 

1:50 

4-f 

1 -f 


— 

— ; 

— 



tt 

red cells 

1:25 

— 

— 

— 


— 

— : 



Airrklinlir of mbbit hmin 

1:2 

4-f 

4’f 

3-f 






<1 

“ “ kifinny 

2:1 








tt 

« 

2:1 









tt 

“ spleen 

1:2 

- 

- 

- 

- 

- 


1 



4+ indicates complete fLxation of complement. 
— indicates no fixation. 


When aqueous emulsions vvere used as antigens in the tests ladi of organ specifi- 
city is c%ndcnt. Organ specificity is ob\nous in the tests in which alcoholic extracts 
were used. 

that antibodies against brain tissue appeared in the serum of rabbits 
injected with emulsions of alcoholic extracts of rabbit brain to which 
pig serum had been added. 

Specificity cj the Aiitiscnin: 

Ha\'ing demonstrated that autolytic or disease processes acting on 
brain tissue can cause it to become fully antigenic for homologous 
animals, we proceeded to determine whether the antilx>dics elicited by 
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such altered brain material are specific for brain. For this purpose, 
an antiserum prepared in rabbits b}^ means of injections of emulsions 
of autolyzed brain tissue was subjected to complement fixation tests in 
which aqueous emulsions of rabbit brain, kidney, liver, spleen, and red 
blood cells as well as emulsions of similar organs of the guinea pig were 
used as antigens. In addition, the antiserum was tested against 
alcoholic extracts of various rabbit organs. The results of one experi- 
ment are shown in Table II. The antiserum reacted most strongly 
with rabbit and guinea pig brain, yet some antibodies were also present 


TABLE in 

Suvwiary of Results of Complement Fixation Tests Conducted loith Sera of Rabbits 
Immunized with Alcoholic Extracts of Rabbit Brain Plus Pig Scrum 


Antigen 

Dilution 

of 

antigen 

Dilution of serum 

1:5 

1:10 

1:20 

1:40 

1:80 

1:160 

EmiilRion of rabhih brain 


4+ 

2+ 

4+ 

4-1- 

3+ 

1+ 


(C 

tf it 

kidney 

BRiil 




it it 

liver 

1 :5i0 


B 

B 


— 

<t 

it a 

Knleen 

■RSI 



■ 

B 


— 

u 

miinpa nip* brain 

1:50 

4+ 

3+ 

4-f- 

4+ 

2-1- 



« 

it a 

** kidney 

1:50 



« 

cc <c 

liver 

1:50 

«_ 

- - 



1 

« 

it it 

spleen 

1:50 

1+ 


- 


— 











4-}- indicates complete fixation of complement. 

— indicates no fi.xation. 

The results of the complement fi.xation tests show almost complete organ specifi- 
cit 3 ^ Compare with results shown in Table II. 

against the tissues of practically all the other organs of tlie rabbit and 
guinea pig that were tested. When alcoholic extracts were used as 
antigens in the complement fixation tests, however, the antiserum was 
organ-specific (brain-specific) within the range of antigens used. 
Several workers (3, 6, 7, 8) have reported similar results for antisera 
prepared by the immunization of animals with emulsions of heterolo- 
gous brain. Further tests for organ specificity were made on antisera 
which had been prepared by the injection into rabbits of alcoholic 
extracts of homologous brain plus pig serum. The results, summarized 
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in Table III, show that such sera were almost completely organ-specific. 
The minor fixations of complement in the presence of emulsions of 
other organs were overshadowed by the high titer of the antisera in the 
presence of brain antigen. This quantitative organ specificity of 
antisera prepared by injections of alcoholic extracts of brain has been 
noted by a number of investigators (9, 10). 

When one considers the complex nature of the emulsions of brain 
with which the rabbits were immunized, a possible cause becomes 
apparent for the lack of specificity evidenced by the antibodies when 
they* were tested for ability to fix complement in the presence of aque- 
ous emulsions of different organs. The brain undoubtedly contains 
certain tissues vrhich are common to other organs. For lack of more 
exact knowledge we shall consider the common factor to be connective 
tissue. Rabbits immunized with emulsions of brain therefore develop 
antibodies against connective tissue as well as against the specific brain 
antigen. Since the connective tissue antigen apparently is not as 
alcohol-soluble as is the antigen of brain, complement fixation tests 
done with alcoholic antigens show more pronounced organ specificity. 
If this reasoning is correct, the serum of rabbits immimized against 
emulsions of brain must contain at least two, perhaps more, kinds of 
antibodies, one specihc for brain antigen and another which is not 
organ-specific. A similar theory for the lack of specificity in antisera 
prepared in animals by the injections of emulsions of heterologous 
organs has alread}*- been advanced by Fleisher and his co-W’orkers (6, 7). 


Absorption of Antibodies 

In order to determine whether non-specific as well as specific anti- 
bodies were present in the antibrain sera a number of absorption 
experiments were performed. 


Mmhod of Absorption.— \ 1 :25 emulsion, in ph>'siologiail saline solulion, of the 
desired organ v*.is made in a manner similar to that used for the preparation of 
antigens for complement fixation tests. The technique of this procedure has 
alrcads heen desenhed. The organ emulsion ^\*as then added to an equal volume 
of a 1 :2.5 dilution, in physiological saline solution, of the antiserum, and the mix- 
ture vas heated at 56"C. for 2 hours in the ^*atcr bath. After standing overnight 
at room tc.mperaiurc it vras centrifuged at high speed for half an hour, and the 
supernatant liquid v.as recovered ^vhh a pi:>cttc. ‘ In order to remove all of the 
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antigen-antibod}" complex, however, it was necessary to pass the mixture through 
a Seitz filter. As a control a second sample of the same antiserum was subjected 
to similar manipulations with the exception that ph 3 'sioIogiaal saline solution was 
added to it instead of an absorbing antigen. Experiments were also carried out 
in which an alcoholic extract of brain was used as an absorbing agent. The tech- 
nique was similar to that just described except that a 1 : 16 dilution of the alcoholic 
antigens was found to 3 deld maximum absorption. 

TABLE IV 


Sian7nary of Results of Complement Fixation Tests Conducted with Antibrain Scrnni 
before a7id after Absorptio7i with Aqueous Emulsions of Rabbit Kidney , 


Scrum 

Antigen 

Dilution 

Dilution of scrum 

of 

antigen 

1:5 

1:10 

1:20 

1:40 

1:S0 

1 

1:160 


Emulsion of rabbit brain 

1:600 

4+ 

4+ 

3+ 

1+ 

— 

— 


“ “ “ kidney 

1:50 

4+ 

4+ 

3+ 

— 

— 

— 


“ “ “ liver 

1:50 

4+ 

1 + 

— 

— 

— 

— 

Unabsorbed 

“ spleen 
guinea pig brain 


3+ 

4+ 

4+ 

4+ 

2+ 

— 

— 


u ct a C( 

1:50 

4+ 

4+ 

2+ 

B 


— 


“ “ “ “ liver 

1:50 

4+ 

4+ 

1 + 

D 

— 

— 


» " “ ” spleen 

1:50 

4+ 

1+ 

— 

H 

— 



Emulsion of rabbit brain 


4+ 

4+ 

2+ 

— 

— 

: - 

Absorbed with 

“ “ " kidney 

« » “ liver 

1:50 

1:50 




— 



— 

aqueous 
emuldon of 

“ “ “ spleen 

“ “ guinea pig brain 

1:50 

1:600 




2+ 

— 

— 

rabbit kidney 

“ “ “ “ kidney 

“ “ “ “ liver 

1:50 

1:50 





— 

— 


“ “ “ “ spleen 

1:50 




— 

— 



4+ indicates complete fixation of complement. 

~ indicates no fixation. 

The results of the absorption experiments show that an emulsion of rabbit 
lddne 3 ^ removed the non-specific antibodies from the antibrain serum. 

Three kinds of absorption experiments were conducted. In the first, 
antibrain sera were absorbed with emulsions of rabbit kidne}^ w'hich, 
containing onl}'' non-specific antigen, should not remove specific anti- 
bodies for brain. In the second, emulsions of rabbit brain which con- 
tain both the specific and non-specific antigens were used for absorp- 
tion, In this case both kinds of antibodies should be removed from 
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the antisera. And finally antibrain sera were absorbed -with alcoholic 
extracts of rabbit brain which contain only or principally the specific 
antigen and should therefore remove from the sera only the specific 
antibodies for brain. The results of these absorption experiments are 
summarized respectively in Tables IV, V, and \T. From the results 


T.^BLE V 

Summary of Results of Complement Fixation Tests Conducted xcith Antibravj Scrum 
before and after Absorption with Aqueous Emulsions of Rabbit Brain 


Semm 

Acliges 

OHutioa 

of 

antigen 


D nation 

of scram 


1:5 

I; to 

1:20 

1:40 

1:£0 

IrlCO 


Emulsion of rabbit brain 

1:600 

4-7“ 

4-h 

4-t- 

34- 

24- 

14- 


“ “ kidney 

1:50 

4-f 

44- 

34" 





U tt U 


4“h 

1-h 

... 

— 




“ “ “ spleen 

1:50 

3-r 


— 




Unabsorbed 

“ ** guinea pig brain 

1:600 

4-h 

4+ 

44- 

24- 

— 



“ “ “ “ kidney 

1:50 

4-f 

44- 

24- 


— 



“ <1 « » liver 

1:50 

4-f 

44- 

IB 

— 

— 

-- 


" “ “ spleen 

1:50 

4-h 

14- 

B 

— 

— 

— 


Alcoholic extract of rabbit brain 

1:2 

4-f 

44- 

34- 

— 

— 



Emulsion of rabbit brain 

1:600 

— 












“ “ “ kidney 

1:50 









.. 

■ 

Absorbed 

“ “ ** liver 

1:50 


. 

— 




with aque- 

“ “ “ spleen 

1:50 


— 

— 

— 

— 



ous emul- 

** ** guinea pig brain 


— 

— 

— 

— 

— 

— 

sion of 

kidney 




— 




- 

— 

rabbit 

“ » liver 

1:50 







brain 

“ “ ** “ spleen 

1:50 

— 

— 

— 








j Alcoholic extract of rabbit brain 

1:2 

— 


— 

— 


- 


4 *f indicates complete fixation of complement. 

~ indicates no fixation. 

The results of the absorption experiments shovr that an emulsion of brain 
removed both the specific and non-specific antibodies from the anlibrain serum. 

shown in T.iblc TV it can be seen that an emulsion of rabbit kidney 
absorbed the non-specific antibodies from the serum so that it failed to 
react to any organ emulsion except that prepared from brain. WTicn 
the absorption was carried out with an emulsion of rabbit brain (Table 
V) which contains both the specific and non-specific antigens, both 
kinds of antibodies were removed and the serum failed to fix complc- 
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the other vras associated with some element or elements common to 
many organs. 

Nature of the Antigen 

Having satisfied ourselves that emulsions of homologous brain can 
be made to become antigenic cmder certain conditions we were inter- 
ested to determine what substance in the brain causes it to act as a 
specific antigen. It occurred to us that the specificity might be 



» • goer/ * 100 75 50 25 0 

ComposlUon of <in.tigen 

Text-Fig. 1, The graph represents the relative antigenidty of vrhite and grey 
matter of brain. The greatest dilution of each mixture of antigens which fixed 
complement in the presence of an antibrain serum has been plotted against the 
composition of the mixtures of white and grey matter. 

associated in some manner mth myelin. The most ob\ious way of 
testing such an idea was to find out whether the amount of myelin in 
brain antigens used for fixation of complement in the presence of anti- 
brain sera runs parallel to the degree of fixation. A rabbit brain was 
therefore di\-idcd as nearly as possible into two portions, white matter 
which contains large numbers of myelinated nerx’c fibers and grey 
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matter which has a lower myelin content. From the two portions, 
aqueous emulsions were made, after which five mixtures were prepared 
by the combination of different quantities of them so that the ratio of 
grey emulsion to white emulsion varied from 100 per cent white to 100 
per cent grey. The antigenicity of each of the emulsions was de- 

Age of rabbit 



Text-Fig. 2. The graph represents the relative antigenicity of brains of rabbits 
of different ages. The greatest dilution of antigen which fixed complement in the 
presence of an antibrain serum has been plotted as a function of the weights of tlic 
whole brain from which the antigen was made. The ages of the rabbits from 
which the brains were removed is also indicated. The ordinates for the curv'e for 
aqueous antigens are plotted as dilutions of a 1:50 brain emulsion; i.c., a 1:2 
dilution in the graph is actually a 1 : 100 emulsion of brain tissue. 

termined quantitatively in complement fixation tests conducted witli 
antibrain serum. Text-fig. 1 shows the results graphically. It is 
apparent from them that the antigenicity of the tvhite matter was 
roughly six times stronger than that of the grey matter, a property 
which at least paralleled the content of myelin in the two emulsions. 
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Further investigation of the relation betvreen the myelin content 
and the antigenicity of brain tissue vras made possible by the fact 
that myelin is practically absent from the central nerv^ous system of 
fetal or newly bom animals and increases with the age of the animal. 
We, therefore, prepared emulsions of the brain tissue of rabbits of 
different ages, ranging from the fetal stage to maturity. The relative 
antigenic properties of these emulsions were determined by the fixation 
of complement in the presence of antibrain senun. Furthermore, in 
order to eliminate as far as possible the non-specific antigen, alcohohc 
extracts were made from portions of the brains of these animals and 
tested for antigenicity. In Text-fig. 2 the results of such an experi- 
ment are shown graphically. It is immediately apparent that in 
newly bom rabbits the content of organ-specific antigen in the brain 
emulsions was negligible and that it increased steadily with the age of 
the animal to reach a high concentration at maturitj\ Alcoholic 
extracts of brains of fetal or newly bom rabbits failed to fix comple- 
ment in the greatest concentration used, while extracts of brains of 
adult rabbits contained sufficient antigen to fix complement in high 
dilutions. 

Observations on the Clinical and Pathological Findings in Rabbits 
Injected TLith Emulsions and Extracts of Homologous Brain 

The rabbits which received injections of the different emulsions or 
extracts of brain were carefully observed during and after the course of 
immunization for the appearance of abnormalities attributable to the 
procedures used. In no instance was a reaction seen immediately 
following primaiy injection. For the most part the rabbits remained 
in good condition throughout the experiments, although some that 
received injections of emulsions of autolyzed brain lost weight during 
the course of the c.\pcriments. In every e.xperiment, however, a 
certain number of rabbits developed signs referable to the central 
neiwous system. The course in every case was the same: the rabbits 
developed a slight weakness of the hind legs which progressed rapidly 
to a complete paralj'sis of the hind quarters and was accompanied bv 
a progressive emaciation; retention of urine was noted; and death 
occurred after an illness of a few days. 

At necropsy the central nervous system and other organs in the gross 
were normal in appearance. In the brains of some of the paralyze'd 
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rabbits stained sections showed perivascular infiltration and small 
areas of necrosis surrounded by zones of inflammation, in others 
evidences of healing lesions were seen, in stiU others no pathological 
changes were noted. Demyelination was not observed in any instance 
in the brain and cord, and the peripheral nerves appeared to be 
normal. Lesions identical in appearance with those just described 
were also found in some of the non-paralyzed rabbits sacrificed as 
controls and were considered to be due to the activity of EnccpJialilo- 
zoon cunicuH. The fact that the lesions were not present in aU of the 
paralyzed animals and that they occurred in some of the non-paralyzed 
rabbits led us to conclude tliat they should not be looked upon as the 


TABLE VII 

Relation between the Number of Paralyzed Rabbits and the Immunizing Maicriah 


Material used for immunization 

No. of 
injections 

No. of 
rabbits 
injected 

No. 

paralyzed 

Per cent 
paralyzed 

Fresh rabbit brain 

5-12 

19 

0 

0 

plus pig serum 

5-10 

14 

1 

7 

Alcoholic extract of rabbit brain plus pig 
serum 

' 13-26 

8 

1 

12 

Vaccine virus rabbit brain 

5-12 

10 

1 


Autolyzed rabbit brain 

5-15 

28 

9 

32 





cause of the paralyses. This opinion is substantiated by the observa- 
tions of Hurst (11), who, working with rabbits known to be free from 
Eiicephalitozoon infection, found no pathological changes in the central 
nervous system of animals which became paralyzed following injections 
of emulsions of heterologous brain. 

It is interesting to note that the incidence of paralysis in the rabbits 
of the different groups paralleled tlie antigenicity of the brain emul- 
sions and extracts that they received. In Table VII, the different 
immunizing emulsions and extracts are listed in the order of tlieir 
antigenicity and the incidence of paralysis caused by them. None of 
the rabbits tliat received fresh emulsions of homologous brain, which 
has little or no antigenicity, became paralyzed, while 9 of 28 rabbits 
(32 per cent) injected with autolyzed homologous brain, a good anti- 
gen, showed evidences of paralysis. These observations, however, 
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cannot be considered evidence that tbe paralj'sis vras directly related, 
to the antigenicity of the brain emulsions, because Hurst (11) has 
pointed out that similar paralytic accidents follovr injections of sub- 
stances other than brain and also because the paralysis might have 
been induced by some toxic substance in the autolyzed or diseased 
brain tissue. 

DISCUSSION 

It has been shown by a number of investigators that heterologous 
brain (2, 3), alcoholic extracts of heterologous brain plus pig serum (1, 
10), homologous brain plus pig serum (4), and alcoholic extracts of 
homologous brain plus pig serum (10) excite in animals receiving them 
the production of specific antibrain antibodies capable of demonstra- 
tion either by means of complement fixation tests or by precipitin 
reactions. In addition to this we have been able to demonstrate that 
homologous brain altered by autolysis alone or by infection with vac- 
cine virus alone becomes antigenic and is then capable of inducing the 
production of antibodies specific for brain tissue.^ Furthermore, we 
have been able to show that the specific antigenicity of homologous 
brain runs parallel to the myelin content of the tissue. 

In view of the facts just enmnerated it is intere^ng to speculate 
about the etiology of certain diseases of the central nervous system, 
particularly the demyelinating maladies, such as the postinfection 
encephalitides, multiple sclerosis, Schilder’s disease, and the encephalo- 
myelitis occurring after antirabies vaccination. Speculation would be 
more interesting if it were possible to produce demj'elination in animals 
by means of injections of brain tissue or if it were possible to demon- 
strate either brain antigen or antibrain antibodies in the blood of 
patients with demyelinating diseases. Hurst (11) from his re%-iew of 
the literature dealing with the effects on animals of repeated injections 
of brain tissue and from the results of his own e.xperiments concluded 
that, although paral}*sis has been observed following injections of 
emulsions of brain, no one has definitely shown the presence of demve- 
lination in the brains and cords of the paralyzed animals. Rivers. 

.\ftcr our ^^or^. completed, Lcr-'is (lu) reporter! that aniibmin sera arc also 
specific for lestioilar tissue. IVc did not examine our ant.T>niin sen. by means of 
complement fixation tests in rrhich testicular tisrue rv-as used as .an antipea*. 
Consequently we h.ave no information re^rdir.g this matte.-. * " 
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Sprunt, and Berry (12), however, recorded the fact that two of eight 
monkeys wliich received repeated injections of emulsions and alcoholic 
extracts of rabbit brain developed paralysis associated with demyelina- 
tion. In regard to the presence of brain antigen or antibrain anti- 
bodies in the blood of patients "with demyelinating diseases no 
significant reports have been seen. Altliough speculation about the 
relation of antibrain antibodies to certain demyelinating maladies is 
extremely intriguing, further facts must be obtained before a reason- 
able hypothesis concerning the matter can be presented. 

SUMMARY 

Rabbits injected with fresh emulsions of homologous brain de- 
veloped few or no antibodies capable of fixing complement in the 
presence of aqueous emulsions or alcoholic extracts of rabbit brain. 
Complement-fixing antibodies, however, were produced in rabbits by 
means of injections (1) of sterile emulsions of homologous brain which 
had been allowed to stand at room temperature for 5 to 30 days and 
(2) of emulsions of homologous brain experimentally infected with 
vaccine virus. The antisera that were produced following injections 
of emulsions of autolyzed homologous brain were shown by absorption 
tests to contain both specific and non-specific antibodies. The spe- 
cific brain antigen was found to be approximately six times as abun- 
dant in the white matter as in the grey. It was almost absent from the 
brain of fetal and newly born rabbits, but increased in amount with 
the age of the animal to reach a maximum concentration at maturity. 
The specific antigen seemed to parallel the myelin content of brain 
tissue. 
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or body temperature and again after 18 hours in the ice box. Frequently tests 
which were negative or only weakly positive at the end of the 30 minute period 
of incubation showed a markcdl}’’ positive reaction after standing 18 hours in the 
ice box. We have, therefore, recorded in table form onl}' the readings after 18 
hours in the ice box. 

Within the last 2 3 'ears we have done thermoprecipitation tests on the extracts 
and sera of 108 white rats. 20 of these rats were not infected and the extracts and 
sera of these .normal animals were used as controls. Of the otlier 88 infected rats, 
the organs tested were from animals in which the infection following its usual 
course had terminated fatally in from 4 to 6 days. In a few instances the animals 
were killed while being bled for immune sera. When this occurred during the 4tli 
or Stli day of the infection, the organs were still used even though the normal 
course of the infection had been interrupted. 

The serum used in each instance was obtained bj' letting tlie blood drawn from 
the normal or infected animals clot and pipetting it off asepticaUj’’ after centrifu- 
galization. It was not inactivated. In most instances pooled serum from several 
animals was used. The serum was kept in the refrigerator until read}’’ for use. 
In this way tlie same lot of serum was used over a period of 2 or 3 weeks. 

The tests were further controlled bj’’ using, not onlj' the extracts of the whole 
blood of normal rats and others at tlie height of infection, but also the residue of 
trypanosomes and red blood corpuscles separated from the serum bj" centrifu- 
galization. While there was an occasional weakly positive reaction with the red 
blood corpuscles and the trypanosome extracts, no positive reactions were ob- 
serr'-ed witli extracts prepared from the clotted cells and organisms whicli had been 
washed free of the serum before extraction. 

The sera of rats that have been repeatedly infected witli T. Icivisl 
gave some precipitation reaction with spleen extracts of animals in- 
fected with T. cqiiiperdum. In the same manner the immune sera of 
rabbits infected with T. cquiferdum gave some precipitation reaction 
with spleen extracts of T. /czy/xf-infected rats. These group reac- 
tions were never marked but generally they were of a one plus or an 
occasional two plus reaction. 

Within the last 12 months we have supplemented the test on the 108 
rats with 39 guinea pigs, 10 of which were used as normals and the 
other 29 were infected with T. cquiperdnm. The serum of the guinea 
pigs was generally taken during the Sth to 12th week of infection. 
The organs used for preparing the extracts were taken after death, 
which resulted from the infection or from the bleedings. Similarly 42 
rabbits haye been used in which 6 were controls, w^hile the others were 
given mild infection. After the inoculation of small numbers of 
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living trypanosomes, some of the rabbits recovered from the infection 
within 12 to 16 '^eeks ^vith only a slight e\ddence of having had the 
disease. If these animals were reinfected, they showed varjdng 
degrees of enhanced resistance to infection. The sera from the 

TABLE I 

This table summarizes the results of thermoprecipitation tests when 0.5 cc, of 
dear extracts of the spleens of normal animals and animals infected with T. eqiiU 
pcrdtaUj respectivelj’, is carefully layered onto the surface of an equal amount of 
immune serum from various animals. AH the results recorded represent readings 
after 18 hours in the ice box. 


Extracts of spleen 

Rat scrum 

Guinea pig serum 

Rabbit serum 

N’ormal 


Xormal 

Immune 

' Normal' 

i . 

'Immune 

Normal rats, saline and aqueous 

H 

— 

— 

— 


_ 

Infected rats, aqueous 


1 

_ 

-1- 



Infected rnts, saline 


-i- 





Normal guinea pigs, saline and aqueous 

D 

— 


— 


— 

Infected guinea pigs, aqueous 


: — 


-U 

— 

4-4- 

Infected guinea pigs, saline 





— 

4- 

Normal rabbits, saline and aqueous 




— 

— 

— 

Infected rabbits, aqueous 




-1- 

— 

4-4-4* 

Infected rabbits, saline 

— 

— 





4-4-4- 

r. ?ra‘i 5 ;-infcctcd rats, aqueous and saline . 

— 1 

-u 

— 1 



o. 

T. Irxisi-iniccicd rats, aqueous and saline 







extracts of red blood corpuscles and 







trj’panosomcs 

*— ■ 

— 

— 

— 

— 

= 


-f -f +, a gray ring of flakes 1 mm. or more in thickness at the junction of the 
two liquids, and sufiicicntly dense to be opaque when obser\*ed from above. 


4- -f , a gray ring about 1 mm. in thickness at the junction of the two liquids but 
not sufiicicntly dense to cut off vision when obser\'ed from above. 

•f , a distinct gray line at the junction of the two liquids when obser\*ed from the 
side of the tubes, but transparent when obscrv’cd from the top. 

±, a faint gray line at the junction of the two liquids when obscr%'cd from the 
side, but transi>arcnt when observed from the top. 

rabbits immunimi in such a manner are the ones that showed the 
most pronounced reaction, generally given as three plus in Tabic I. 

1 here were considerable variations in the reaction in each of the 
scries of animals in which there were positive rings, but the table 
shows the predominating re.action for the comf)ination noted. 
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When the spleen and liver extracts of guinea pigs d 3 dng of tubercu- 
losis, and of rabbits dying from intravenous injection of Bargen’s 
diplococcus were layered on equal volumes of the immune sera from 
tlie trypanosome-infected animals, the results were negative. These 
results were considered as additional controls. 

WTien the organs or tissues of infected animals were extracted at 
room temperature for 8 hours they did not give more than a one plus 
reaction at any time. 

We hope that the perfection of a test of tliis nature ma}’^ be of value 
in giving an inexpensive test for the diagnosis of human, as well as of 
veterinary, trypanosominasis during the clironic or relapse stage when 
there are small numbers of tr}''panosomes in the peripheral circulation. 
Under these conditions the demonstration of trypanosomes is difficult 
by both the stain method and the dark-field examination. 

DISCUSSION 

It is of interest to note that tlie precipitable substance does not 
appear to be within the trjpanosomes themselves, but is present in 
certain organs, chiefly tire spleen and liver in which there are large 
numbers of trypanosomes undergoing various changes. Tliis is shown 
apparently by the negative outcome of the test witli heart’s blood of 
the rats containing 1 to 2 million trypanosomes per c.mm. or compared 
with the variously positive outcome of the test wdth extracts of spleens 
of tire same aninrals similarly treated. This may mean that tire ther- 
moprecipitinogen resides in the splenic tissues and nra}’^ be a product of 
the interaction between the trypanosomes and that part of the body 
defense which is located hr tire spleen. The extracts of normal 
spleens, as well as of the spleens and livers of animals infected with 
tubercle bacilli and Bargen’s diplococcus, were negative, wlrich is 
evidence in favor of the specific nature of tire reaction in trypanosomal 
infections. 

According to Hughes (11) Smith has shown that a tlrermolabile 
precipitable substance was present in the virus-free extracts of the 
testes of rabbits infected with a testicle-adapted strain of vaccine 
virus. Hughes also observed that tire confirmatory ewdence of 
Craigie and Tullock showed tlrat the precipitable substance was not 
due to the organism per sc, but to a protein decomposition product 
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associated vdtli the tissue reaction to the organism. This substance 
was not necessarily antigenic. 

Except for the fact that the antigen is a thermostable substance, 
little is knorni as to its exact nature. W'e do know, however, that it is 
free from all protein that can be coagulated by heat, either in the 
presence of water or saline solution. It may conceivably be a poly- 
saccharide with immunologicaUy specific properties. 

SUmiARY AND CONCXUSION 

There is a thermoprecipitinogenic substance in extracts of the 
spleen of rats, guinea pigs and rabbits infected with T. eqmpcrdum. 
It does not appear to be within the body of the trypanosome itself. 

Antibodies to this heat-resistant precipitable substance were found 
in the serum of infected animals. 

The antibody strength seems to be relatively less in the serum of 
rats than in the other animals but the power of extracts from the 
spleen of infected rats appeared to be equivalent to the power of 
similar extracts of the other animals. 

The antibod}' titer of the serum of rabbits was greater than in the 
case of the other two species investigated. This was shown not only 
by the reaction with the extracts of spleens of the same species, but 
also by the reaction with e.xtracts of the spleens of similarly infected 
animals of other species. 

I wish to e-xpress my appreciation to Dr. Claus W. Jungeblut of the 
Department of Bacteriolog}' of the College of Physicians and Surgeons 
of Columbia Universit}', whose preliminaiy criticisms of this article 
caused the control test with T. lavisi to be added. 
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Opie (1) and Menkin (2-6) have demonstrated that various ma- 
terials are fixed m siiu vrhen injected into an acutely inflamed area, 
and Menkin has emphasized the role of mechanical obstruction in the 
form of a fibrinous network and thrombosed lymphatics in the fixation 
of such substances as bacteria and trypan blue as an important factor 
in the resistance of tissues to invasion. Recently, Menkin (6) has 
ascribed the characteristic lack of invasiveness of Staphylococcus 
aurcits to the irritating properties of that organism which induce a 
prompt inflammatory'' response as shown by the early fixation of 
trypan blue. On the other hand, the fixation of trypan blue in 
inflamed areas produced by Sircptococctts hacmolylicus was delayed 
about 45 hours, which led him to suggest that the greater invasiveness 
of this organism may be due to its lack of irritating properties and 
consequent delay in inflammatory" response, thus lea\"ing the lymi- 
phatics open as available routes for dissemination. 

The experimental data set forth below indicate that the supposed 
paradox is illusory". Menkin’s obser\"ations (6) arc fully" confirmed as 
to the behavior of staphy"lococcus and streptococcus in the slun of rab- 
bits, but the delay of inflammatory" fixation of try"pan blue by^ strepto- 
cocci probably is due to the production of two substances, one of which 
is fibrinolytic, while Uic other acts by inhibiting fibrin formation. 
Experimental cridcncc is given for the e.xistencc of these two sub- 
stances, and certain of their properties arc described. The effects of 
cultures and filtrates of certain distinct strains of Streptococcus haenw- 
lyticus, Streptococcus vtrsdans, and Staphylococcus cureus on the fixation 
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of trypan blue, and on fibrin formation in vitro, have been determined 
and compared with the relative invasiveness of the strains as deter- 
mined experimentally. 


EXPERIMENTAL 

Eacli e.xperiment described has been repeated from two to ten times. The 
animals used were of mLved breeds and were purchased in the markets of Beirut 
as needed. All animals used weighed between 1,500 and 1,800 gm. Individual 
variations in reactivity of the animals to infection necessitated the many e-vperi- 
ments. Those described below have been selected as being typical. 

The organisms studied were grown in either Hartlej^’s broth or dextrose (2 per 
cent)-phosphate-veal infusion broth. Comparable results were obtained with 
the two media, but the latter gave good growth more consistentl}^, therefore it 
was used almost exclusively for the later experiments. 

We believed that a comparative study of several strains of strepto- 
cocci and staphylococci which showed differences in serological or 
pathogenic properties, or both, would 5 deld more information about 
their invasiveness than a more limited inquiry. For this reason, we 
have studied two strains of scarlatinal streptococcus. Streptococcus 
haemolyticus Strain Dochez, and Streptococcus haemolyticus Strain 
Griffith; one strain of erysipelas streptococcus, Streptococcus haemo- 
lyticus Strain Ei Birkhaug; Streptecoccus viridans Strain O from our 
laboratory; and Staphylococcus aureus Strain Wood, and Strain P 
from our laboratory. With the exception of the two strains from our 
own laboratory, all strains were obtained from the Lister Institute in 
the summer of 1933. 

Fixation Time of Our Strains of Streptococci and Staphylococci 

A series of experiments were carried out to determine the time 
required to produce inflammatory fixation of trypan blue at sites of 
inflammation induced by the strains of streptococci and staphylococci 
which were to be studied. 

Method . — This was essentiall}’’ tlie same as that used by Menkin (6) except 
that we greatly reduced the size of the injections with the aim of reducing trauma 
and other physical factors as much as possible. The jGxation time was deter- 
mined as follows: 0.5 cc. of an 18 to 24 hour broth culture of the organism was 
injected intracutaneously, by means of a fine 26G or 27G needle, into tlie extensor 
surface of the fore leg of a rabbit 2 or 3 cm. from the shoulder joint. A scries of 
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rabbits were thus injected and at appropriate intervals the degree of inflamm atory 
fixation was determined by injecting 0,4 cc. of a 1 per cent solution of tiy'pan 
blue in saline into the center of the inflamed area. 1 hour after the injection of 
tiy’pan blue, the rabbit was placed under ether anesthesia and the axDlaiy' hmiph 
nodes dissected out and examined for the presence of the dye. In each case, 
a strip of skin was taken from the inflamed area, fi^ed in Zenker's fluid, and 
sections examined microscopically. 

The experiment was controlled by injecting the same amount of dye into the 
normal skin, into the skin following 0.5 cc. of saline, and into the skin after the 

TABLE I 

Fixation Time of the Strains Used 


Presence of dye in nodes 


Dura- 
tion of 
inflam- 
mation 

Strep.^ 

hcrmolyllcui 

Docher 

Strep. ^ 
hcerrclylUui 
GtiSth 

Strep, 

hcemclyiicus 

Et 

Strep. 

x^rideni 

0 

Stzph. 

currur 

Wood 

Stjph. 

curfui 

P 


s* 

D 

S 

D 

S 

D 

s 

D 

a 

El 

S 

D 

hrs. 
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• Column heads refer to superficial nodes (S) and deep nodes (D) of the axilla. 


injection of 0.5 cc. of sterile broth, and subsequently examining the axillary nodes 
on that side for the presence of the dye. 

Prcliminarj' c.Tpcriments indicated that the h-mph nodes showed 
the presence of the dye more effectively than did l\-mph collected 
from their efferent vessels, so that only the nodes were used in taking 
the readings. Complete fixation was indicated by the failure of the 
dye to reach the nodes; absence of fixation was indicated bv the 
intense staining of the nodes. The intensity with which the nodes 
were stained was recorded by means of the conventional plus and 
minus signs. 

The resulp; of the c.xpcrimcnt to determine the fixation time of the 
strains used below are presented in Table I. The data obtained give 
comjdcte confirmation of Menkin’s observations (6). Staphylococcus 
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produces fixation quite early (1 to 2 hours), whereas strep tococ 
delays fixation as long as 48 hours. One of the most significant thi 
brought out by tliis experiment is the differences in response to 
different strains of streptococci during tlie earlier periods of tire exp 
ment. It appears that tlie Dochez and Griffith strains allow pror 
fixation, but subsequently break down or alter the barrier to tlie c 
whereas Strain Ei and our Streptococcus viridans prevent this e£ 
fixation. These differences are explained by our in vitro stud 
given below. 

Stud}'- of sections of skin removed from tlie inflamed area of e. 
animal showed that where there was fixation of tr}q)an blue, 
lymphatics were markedly dilated and regular^ occluded \suth a de 
reticulum of fibrin (Figs. 1 and 2) in wliich leucocytes and cocci w 
frequently enmeshed (Figs. 4 and 5). It was obseiA’-ed that the ca] 
laries were also frequently thrombosed in the areas where fixation 
dye had been complete, \\ffiere there was no fixation the lymphal 
were patent (Fig. 3), frequently collapsed, and fibrin was scarce b( 
in the lymphatics and in the tissue spaces. The mobilization of leu 
cytes was marked in inflammatory areas due to staphylococcus wifi 
about 2 hours, but there was a striking absence of phagocytic cells 
all cases where streptococci had been injected, altliough infiltrat; 
with mononuclears was apparent in streptococcal lesions of more th 
24 hours duration. The absence of granulocytes in the streptococ 
lesions doubtless is ascribable to the selective action of streptococ 
leucocidin upon neutrophils, described by Gay and Oram (7). 

The histological picture in the rabbits injected with tlie DocI 
and Griffith strains showed occlusion of the l3mphatics in tlie ea; 
periods of inflammation (1 to 2 hours). On the otlier hand, t 
Ijmphatics in the skin of rabbits wliich had received Ei and Strep 
coccus viridans were usually patent during tlie earlier period. Lat' 
after 6 to 8 hours, some fibrin was usually present in the l}anphafc 
of rabbits receiving any of the strains which were studied, but 
occurred either as a very coarse reticulum (Fig. 6) which apparent 
would offer poor filtration and which frequently occupied but a porti* 
of the lumen of the vessel, or in the form of a loose granular depo: 
(Fig. 7) which would be a poor barrier to either dye or small particl 
like cocci. 
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These obsen^ations support Menkin’s thesis that fixation is pri- 
marily due to mechanical obstruction in the form of thrombosed 
lymphatics and a fibrin network in the tissue spaces of the inflamed 
area. Also, the correlation between lack of fixation and patencj’ of 
the lymphatics appears to be established. 


Inhibition of Inflaminalory Fixation by Streptococci 

It was our desire to test an hypothesis that streptococci might be 
capable of actively inhibiting inflammatory fixation. Since it is well 
known that Staphylococcus axireus is often capable of bringing about 
the clotting of oxalated plasma in vitro without the addition of calcium, 
there is reason to suppose that the prompt inflammatoiy^ fixation 
demonstrated above is at least enhanced by the clotting factor. With 
this in mind, experiments were designed to demonstrate the abilit}-, 
if any, of streptococci to inhibit inflammator}’ fixation induced by 
Staphylococcus aureus, 

Method . — The action of whole cultures, filtrates, and saline suspensions was 
studied. Results obtained with the whole cultures and filtrates were essentially 
identical, while the saline suspensions gave but little e\'idence of activity vnthin 
the time periods to which our observ^ations were limited, 0.5 cc. of the strepto- 
coccus material to be tested was injected intracutaneously into the skin of the 
fore leg of a rabbit. 20 minutes later, 0.5 cc, of a saline suspension of Staph, 
aureus Strain P, in a concentration of about 5 billion cocci per cc., was inj'ected 
into the same area. Since the strain of staphylococcus which v.-as used alwaj's 
produced complete fixation in less than 2 hours (Table I), the degree of infiam- 
malor>’ fixation was determined, as described on page 5S2, at intcrt-als of 2, 5, 
and 4 hours to ascertain any delay in fixation which might be attributable to the 
action of the streptococci. 

A Ij-pical experiment would be: 9 a.m,, 0.5 cc. of Strep, haenzclyllcus (Dochez) 
whole culture injected into right fore leg of a rabbit. 9:20 a.m., 0.5 cc. of Sieph. 
aureus injected into same area. 11:20 a.m., 0.4 cc. 1 per cent saline solution 
lr»m blue into sam.c area. 12:20 m., axiilar>' l%mph nodes dissected out, rabbit 
under ether anesthesia. Presence of dye ascertained, and skin taken for micro- 
scopic examination. 


In tins manner, a comparative study was made of the inhibitors* 
act'u-ily of iht; streptococcus strains indicated above. Results ob- 
tained vitl) tile *>\no!e cultures and tiltrates vrere essontiali'c identical. 
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while the saline suspensions gave less evidence of activity wthin the 
time periods to wliich our observations were limited. Table II shows 
the result of a typical experiment in ■wliich streptococcus filtrates were 
used. Each of the strains of streptococcus used in tlie experiment 
was able to delay complete fixation for at least 4 hours, i.c., more 
than t'yivice the period of time required for the staphylococcus alone 
to produce complete fixation. Here again the time element indicates 
a difference in the mode of action of the different strains. 

Histological examination of inflamed skin from these animals 
showed that, where lack of fixation -was indicated by passage of the 


TABLE II 

The Influence of Sirepfococens Filtrates on the Fixation of Trypan Blue in the 
Presence of Staphylococcus aureus 


Duration of inflammation* 


Strain tested 

Ihr. i 

2 hrs. 

3 hrs. 

4 hrs. 

S 

D 

S 

D 

S 

D 

S 

D 

Dochez 

+ 

+ 

+ 

+ 

H — ! — 1 — h 

++ 

+ + + + ; 

++ 

Griffith 

++ 

+ 

++ 

+ 

++++ 

++ 

++++ 

++ 

El 

H — 1 — h + 

+++ 

++ 

+++ 

++ 

— [- 

+ 

— 

Strep, viridafis 

H — 1 — h 

-1-+ 

+++ 

++ 

-1-++ 

i ++ 

j db 


Siaph. aureus (C) 

+ 

— 

— 

— 

— 

: — 

! — 

~ 


* The period indicated is the elapse of time between the injection of the staphy- 
lococcus and the injection of trjTpan blue. 


dye, the lymphatics were more or less patent, although some fibrin 
was usually present in the lumina of the vessels. The presence of the 
streptococcus filtrates suppressed the granulocyte infiltration, even m 
the presence of staphylococcus, indicating that the lack of these cells 
in streptococcus lesions is not necessarily due to lack of stimulating 
substances. 

We conclude from the results of the experiments described in tins 
section that the lack of fixation in an area of inflammation induced 
by streptococcus is due to the production by these organisms of a 
substance or substances which actively inliibit fixation. 
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Relation of Inhibition of Fixation to Invasiveness 

The demonstration of the active role of streptococci in the inhibition 
of inflammatory fixation of dye suggested that the invasiveness of 
these organisms might be due to, or dependent upon, the production 
of inhibitory substances. The following experiment was planned to 
demonstrate the relative invasiveness of our strains, and to allow 
comparison of the results with the data given in Table I. 

Method . — 24 hour dextrose-phosphate broth cultures of the strains to be tested 
were centrifuged in Hopkins’ tubes at high speed, and the number of organisms 
in the cultures determined. The coed were then resuspended in a suffident 
quantity of the supernatant culture fluid to give a suspension of 1 billion coed 
per cc. Of such a suspension, 0.5 cc. (500 million organisms) vras injected intra- 
cutaneously into the fore leg of each of a series of normal rabbits. At intervals of 
30 minutes, 1 hour, 2, 3, 4, 8, and 24 hours, one rabbit of each series was anes- 
thetized with ether, and all superfidal and deep axillary lymph nodes were care- 
fully dissected out with aseptic precautions. The superficial and deep nodes were 
placed separately in sterile Petri dishes, and immediately taken to a “sterfle room” 
where they were thoroughly ground with sterile sand by means of sterile mortars 
and pestles. The macerated nodes were then suspended in 5 cc. of sterile saline 
and two blood agar pour plates made, using 0.5 cc. and 0.05 cc, of the suspension 
respectively. This method gave two pour plates for each group of regional or 
deep nodes. The plates were incubated at 37®C. for 48 hours, and the number 
of hemolytic colonies determined. From these data, the approximate number of 
organisms present in the hmiph nodes was then computed. The experiment has 
been repeated with remarkably little divergence in results considering the degree 
of probable error inherent in the method. 

The results of this experiment are given in Table III, which clearly 
shows the relative abilities of the strains under consideration to pass 
from the site of injection to the l>Tnph nodes in given periods of time. 
Comparison with data on the fixation of tr^-pan blue shows that there 
is a significant degree of correlation between the number of organisms 
and the amount of dye in the l^unph nodes at the end of correspond- 
ing periods of inflammation due to homologous strains. The differ- 
ences in the bcha\*ior of the \-arious strains as shown by the bacterial 
counts and the passage of trypan blue arc notably parallel. 

Wc conclude from this experiment that invasivcncss by* the bac- 
teria and the inhibition of inflammatory fixation of trypan blue are 
correlative. 



TABLE ni 

Detenninaiion of Relative Invasiveness^ 
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S 

P 

200 

+++ 

O + 

o *4- 

300 

++ 

o 1 


A 

t/3 

o + 

j 

+ 

30 

1 +++ 

1 

o + 

1,700 

++ 

o 1 


e 

CO 

P 

+ 

o + 

o + 

o t 
o + 

o 1 



o + 

90 

++++ 

o ri" 

1,300 

++++ 

lO 

1 



P 

T-( + 

o + 

130 

1 + 

1 

+ 
o + 

+ 

o 1 

.2 

CJ 

0 

E 

ej 

.1 

Q 

t/1 

O + 

CO + 

++ 

009 

1 

+ 

n 

+ 

^ 1 

e 

P 

O + 

O + 

o 1 

O + 

o ! 

a 

,2 

rt 

M 

3 


C/3 

^ d- 

r-C 

o d* 

o 1 

160 

++ 

o I 

P 

1 


P 

I 

s + 


o + 

0 

++ 

o 1 

1 

C 

cs 

C/3 

o + 
2 + 
+ 
+ 

24,000 

++++ 

5 + 
+ 

+ 
o + 
+ 

o 1 



p ; 

o 1 

240 

+ 

1 

20 

+ 

o + 

o + 



t/3 

O 1 

+ 

008*1’ 

1 

720 

+++ 

o + 

^ + 
+ 

o + 


.H 

*S 

P 

O 1 

o + 

o + 


o + 


R 

O 

m 

in 

s 1 

S I 

CN 

+++ 

008 


+ 

O + 

+ 

Strain tested 

Dochez 

Griffith 

w 

Strep, viridans 

W 

5 

CO 


* 500 million organisms were injected in each case. The numerals represent the number of cocci recovered from the 
nph nodes, indicated as S, superficial, and D, deep. The plus and minus signs indicate the quantity of dye capable 
reaching the lymph nodes at the end of corresponding periods of inflammation, introduced for comparison. 
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In Vitro Studies. Inflzience of Streptococci on Fibrin Formation 

In vitro studies were undertaken to see if they •would peld addi- 
tional information about the mechanism by means of which our strains 
of streptococci are able to get past the barrier of infla mm atory fix- 
ation. This work was just begun when Tillett and Gamer (8) 
described the production of a fibrinolysin by virulent hemolj^c 
streptococci of human origin, and it immediately occurred to us that 
the explanation of our in viva results lay in the phenomena described 
in their paper. However, Tillett and Gamer had found that their 
fibrinolytic strains were incapable of acting upon rabbit plasma clot, 
hence their data could not be applied to our results without reinvesti- 
gation. We undertook'to compare the action of our strains of strepto- 
cocci upon both human and rabbit plasma. 

Method . — ^The method of choice was the one described 83- Tillett and Gamer 
(8), using o.talated human and rabbit plasma. This method uses '0.2 cc of plasma 
plus the material being tested (filtrate or whole culture) and saline to give a total 
volume of 1.5 cc. After thorough miring, 0.25 ca of a 0.25 per cent solution of 
calcium chloride is added to the tube and the mixture vigorousb' agitated for a 
few seconds. The tube is immediateh- placed in a water bath held at 37°C. and 
kept under observation for 24 hours. Control tubes containing onlv- plasma, 
saline, and calcium chloride are used for each series of experiments; the controls 
usuallv' clot in 5 to 7 minutes. The human plasma used in our e.xperiments ■was 
alwa3'S obtained from two individuals whose fibrin clot was susceptible to K-sk. 
^\he^ rabbit plasma was used, blood was obtained from several normal animals 
b>' bleeding from the heart, and their plasmas were f>ooled before use. More 
than 50 experiments have been carried out in the course of our ir. riiro studies. 
In our c.xpericncc, dextrose phosphate broth containing 2 per cent dextrose gave 
more active cultures and filtrates than did the medium recommended bv- Tillett 
and Gamer (8) which contained but 0.5 per cent de.xtrose. 

The results of a typical series of experiments are given in Table IV, 
in which the influence of streptococcal filtrates upon both human and 
rabbit plasma is compared. It can be seen from this table that there 
arc two different U-pcs of action; namely, (1) fibrinolysis of human 
plasma clot associated with greath’ accelerated retraction of rabbit 
plasma clot by our Dochca and Griflilh strains, and (2) complete 
inhibition of coagulation by our Ej and Streptococcus viridar.s strains. 
The Dochca strain has never .shonm any tendency to inhibit primary 
clot formation, and the Grifiith strain inhibited coagulation on but 
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one occasion, when there was a very heavy growtli in the culture. 
Our El strain has regularly produced both the inhibitory and the 
lytic factors, but usually the inhibitory factor masks the lytic one 
which is brought out only by dilution of the filtrate (Table IV). We 

TABLE TV 


The Influence of Streptococci on the Coagulation of Human and Rabbit Plasma 



1 

i 

Amount 

of 

filtrate 

Human plasma 



Kabbit plasma 

Strain tested 







Coagula- 
tion time 

Liquefaction time 

Coagula- 
tion time 

Liquefaction time 

Dochez 

cc» 

0.5 

13 min. I 

2 hrs., 6 min. 

10 min. 

Retracted 3 hrs. 

it 

0.4 

13 “ 

2 

« 6 « 

10 

tt 

“ 18 “ 

it 

0.3 

13 “ 

2 

“ 15 “ 

10 

it 

« 24 " 

u 

0.2 

13 “ 

2 

30 

10 

<i 

Partial retraction 

it 

0.1 

13 “ 

8 

<c 

10 

it 

a a 

Griffith 

0.5 

11 “ 

1 

hr. 4 min. 

10 

tt 

Retracted 2 hrs. 

a 

0.4 

11 “ 

1 

“ 30 “ 

10 

it 

“ 18 “ 

if 

0.3 

11 “ 

1 

“ 33 “ 

10 

a 

Partial retraction 

ft 

0.2 

11 “ 

1 

« 37 « 

10 

tt 

tt it 

a 

0.1 

11 

1 

" 45 " 

: 10 

tt 

it tt 

Et 

1 

0.5 

★ 


— 


— 

— 

it 

0.4 

— 


— 


— 

— 

it 

0.3 

49 min. 

! 18 hrs. 


— 


a 

0.2 

16 

20 

it 

32 min. 

Retracted 24 hrs. 

a 

0.1 

10 '' 

Retracted 4 hrs. 

10 

tt 

« 24 « 

Sirep. widans 

0.5 



— 



— 

it 

0.4 

— 


— 


— 

— 

it 

0.3 

— 




— 

— 

it 1 

0.2 

— 




— 

— 

« 

0.1 

16 min. 

1 Retracted 24 hrs. 

20 min. 

No change in clot 


* Minus sign indicates failure to coagulate. Control tubes showed complete 
coagulation in 5 to 7 minutes. 


believe that the possibility of the two phenomena, lysis and inhibition 
of coagulation, being simply quantitative manifestations of a single 
factor is obviated by the fact that our Dochez and Griffith strains 
have not characteristically produced inhibition, even when their 
quantity has been increased in the tube, and also by the fact that 
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occasionally we have had Ei cultures in which the inhibitory factor 
was lacking but in which the lytic factor was as active as that of our 
Griffith strain. The conditions controlling the appearance of the 
fibrinolytic and antifibrinogenic (inhibitory) agents have not }*et 
been studied intensively by us. 

The fibrinolytic substance which we have studied is undoubtedly 
identical with the one described by TiUett and Gamer (8), but the 
inhibitory factor described above has not been previously reported. 
We believe that the inhibitory phenomenon was missed by TiUett 
and Gamer because of the medium in which they cultured their 
organisms as routine. In oiir experience, filtrates or whole cffitures 
for which their medium was used faUed to give any inhibition of 
coagulation, whUe corresponding cultures of Strain Ei and Strcpio- 
cocctts viridans grown in phosphate-bufiered broth containing 2 per 
cent dextrose were active in inhibiting clot formation. 

In the course of our experiments we have also tested the E- and 
E3 strains of Streptococcus hacmolyiicus var. erysipelatis for the fibrino- 
lytic and antifibrinogenic factors. Both of these strains are unlike 
Strain Ei in that they are primarily fibrinolytic and have not shown 
any inhibition of clot formation. 

On the whole, the appearance of the Ijiic and inhibitor}' factors 
in 24 hour de.xtrose-phosphate broth cultures of Streptococcus hacv:o- 
lyiicus and our Streptococcus viridaus is quite regular. However, 
occasionally these substances may occur in but smaU amounts, or 
may even be absent. These irregularities are always associated with 
scanty growth of the organisms. 

Resistance of Fibrinolytic and Antifibrinogenic Factors to Beal 

Preliminary experiments indicated that both the h-tic and the 
inhibitor}’ factors are relatively thermostable, so that only the critical 
scries of experiments to determine this point are described here. 
Active filtrates of fresh 24 hour dextrose phosphate broth cultures 
were held in a water bath at lOO’C. for periods of 20 minutes, 40 
minutes, and 60 minutes; 0.5 cc. of each heated filtrate was then tested 
against human plasma. 

The results of tlus c.tperimcnt are given in Table V. Both U-pcs 
of substances arc tlicrmostablc. requiring boiling for 1 hour to* ac- 
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complish complete inactivation. However, the fibrinolytic substance 
is markedly weakened when boiled for hour, wlfile the anti- 
fibrinogenic substance is not noticeably affected until it has been 
heated for at least an hour. This difference in tliermostability sup- 
ports the evidence given above to substantiate the view' that the two 
substances are essentially different. The degree of tliermostability 
exhibited by the fibrinolytic and antifibrinogenic substances obviates 
the possibility of their being enzymatic in nature, and places them 
with the known streptococcal dermatotropic toxins in respect to their 
resistance to heat. 


TABLE V 

The Influence of Heat upon the Fibrinolytic and Antiflhrinogcnic Factors of Active 

Streptococcus Filtrates* 


Strain tested 

Unheated (C) 

Heated 20 min. 

Healed 40 min. 

Heated 60 min. 


C.T. 

L.T. 

mm 

WSm 

mgm 


C,T. 

L.T. 

Dochez 

8 min. 

1 hr., i 

34r min. | 

10 min. 

16 hrs. 

1 min. 

24 hrs., 
inc. 

7 min. 

0 

Griffith 

11 

52 min. 

1 

1 

10 “ 

12 “ 

7 “ 

24 hrs., 
inc. 

7 “ 

0 

El 

0 

0 

0 

0 

0 

f 

1 

0 

1 hr., 

35 min. 

0 

Strep, 

vjridans 

0 

0 

0 

0 

: 0 

0 

: 1 lir., 

50 min. 

0 


* The filtrates were held in a water bath at 100°C., and tested in vitro. 0.5 cc. 
of filtrate was tested in each case. Column heads C.T. and L.T. indicate coagu- 
lation time, and time required for complete lysis (lytic time) respectively. The 
unheated filtrates (C) acted as controls. 

N cutralizaiion of Fibrinolytic and Antifihrinolytic Substances by Antisera 

Our studies on the immunological aspect of the problem have not 
been completed, so that only brief mention of certain of our results 
vill be made here. Tillett, Edwards, and Garner (9) have recently 
given convincing clinical eiddence of the antigenic nature of strepto- 
coccal fibrinol 5 ’-sin, and have demonstrated that the plasma clot of a 
patient suffering from acute streptococcal infection becomes resistant 
to lysis coincident with the clinical changes leading to recovery. 

Tj'pe-specific antisera prepared by immunizing rabbits against 
Dochez, El, E 2 , and Ej strains of Streptococcus hacmolyticus have 
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town certain protective properties, but a number of irregularities 
lave necessitated further study. 0.1 cc. of type-specific Dochez 
intiserum has completety neutralized the fibrinoly^in in 0.5 cc. of 
iltrate of both the Dochez and Griffith strains. Tj^De-specific. Ei 
intiserum in amounts of 0.2 cc. or more has allowed plasma clot 
ormation in the presence of 0.5 cc. of Ei filtrate, but it has had no 
leutralizing effect on the fibrinotysin present in the same filtrate, 
^one of the antisera tested so far have shown an)^ neutralization of 
he antifibrinogenic factor produced by our strain of Streptococcus 
nridaiis. 

Two commercial antistreptococcal antisera have been tested. These 
mtisera were the products of the Bayer-]Meister-Lucius-Behring- 
verke, Leverkusen, who kindly supphed us Scarlat-Streptoserin and 
Streptoserin. The former was a pol}walent antiscarlatinal serum; 
the latter was a polyvalent product recommended for all streptococcal 
infection. Both products have showm complete neutralization of 
both Dochez and Griffith fibrinol 3 ^sin in amounts of 0.1 cc. of anti- 
serum against 0.5 cc. of active filtrate. However, neither of these 
products neutralized the antifibrinogenic substances produced by our 
strains of Ei or Streptococcus viridaus, 

A full report of our study on the immunological aspect of this 
problem vnll be published later. It appears that the testing of anti- 
sera against the action of active streptococcal cultures or filtrates on 
plasma clot offers a presumptive test of the anti-invasive properties 
of antistreptococcal sera prepar-ed for therapeutic purposes. How- 
ever, the development of an accurate test along this line must await 
the purification of either the antigen or the antibod}^ for the establish- 
ment of a standard of potency. 

DISCUSSION 

The essence of the concept of inflammation is that it is primarih* 
an immediate local defensive or protective reaction of the tissues to 
the stimulus of an irritant. Although there is considerable over- 
lapping, three fundamental phases arc generalh- recognized as occur- 
ring in more or less definite sequence in acute infiamm.ation. Tiicsc 
phases arc (1) exudation and coagulation of plasma proteins in the 
tissue spaces and h-m.phatics, (2» mobilization and phagocytic acliNi- 
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ties of leucocytes, and (3) repair. Menkin has recently reviewed the 
literature op the first two phases in detail, but for purposes of com- 
parison the essential phenomena are summarized below in their 
chronological order. We are not concerned with the tlfird phase, 
repair; but to appreciate the aptitude with wliich the invasive strepto- 
cocci pass the local barriers, it will be necessary to consider the first 
two in some detail. • 

The first phase of an acute inflammation was vividly described by 
Cohnheim (10) who demonstrated the early dilatation of the blood 
vessels and capillaries, the exudation of plasma fluid, and the emi- 
gration of leucocytes from the vessels into the adjacent tissue spaces. 
Menkin (2) has demonstrated the early coagulation of the plasma 
proteins and thrombosis of the lymphatics. Our own observations 
include the early occlusion of some capillaries as well as lymphatics. 
Menkin has emphasized the r61e of the resulting fibrin barrier. If 
the irritant is bacterial, agglutinins, precipitins, and bactericidins 
present in the exuded l}nnph must undoubtedly facilitate the filtering 
action of the fibrin barrier in limiting dissemination. Inflammatory 
fixation appears to be the first line of defense, once tlie invaders have 
gained the tissues. 

The second phase of acute inflammation is dominated by the ap- 
pearance of leucocytes. These phagocytic cells are of two funda- 
mentally different types, the granulocytes and the clasmatocytes, and 
although overlapping to a considerable extent, appear in a definite 
sequence in a sterile inflammation (11). By tlie time that fibrin 
formation is well under way, polymorphonuclear neutrophils appear 
in the inflamed area and witliin 3 or 4 hours they accumulate in 
enormous munbers. These actively phagocytic cells which are so 
readily mobilized via the blood stream are important defense factors 
against bacteria because of the speed with which they can be con- 
centrated, and in the absence of an overwhelming invasion are capable 
of dispatcliing most of the invaders. We may consider the mobile 
army of neutrophils as the defenders of the first barrier of defense. 
However, after the inflammation has progressed for about 24 hours, 
there appear in increasing numbers a more slowly mobilized class of 
reserves from the tissues — the clasmatocytes — to consolidate the 
defense if necessary, or if the neutrophils have failed to stem the tide 
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of invasion they may assume the bnmt of the defense (11, 12). Once 
past the inflammatory barrier, invasive organ ism s may be filtered 
out of the lymphatics by the regional lymph nodes, but their chances 
of gaining the blood stream directly or from the nodes are greatly 
enhanced. 

If we consider the demonstrated properties of invasive streptococci 
in relation to the outlined aspects of resistance, the problem of the 
virulence of these organisms is greatly illuminated. The greater part 
of this paper has been devoted to the demonstration of how strepto- 
cocci may negotiate the barrier of inflammatory fixation, probably 
by virtue of their fibrinolytic and antifibrinogenic properties. 

The second phase of the inflammatory’- defense is apparently the 
critical period in determining the degree of limitation of invading 
organisms, and the frequent success of streptococci, particularly 
Streptococcus luianolylicus, in passing the barrier is readily explsdned 
by the production of strep toleucocidin by invasive strains (13, 14). 
This bacterial toxin is highly specific for the neutrophilic leucocytes, 
and -with the slower mobilization of the resistant clasmatocytes, there 
must usually be a period of several hours during which the streptococci 
are relatively freely disseminated through the tissue spaces and 
lymphatics. Such an interpretation, with the demonstration of the 
inhibition of fixation by streptococci, (1) supports the claims of Gay 
and Morrison (11) that resistance to Streptococcus haanolyticus is 
primarily dependent upon successful mobilization of clasmatocytes; 
(2) e.xplains the results of Gay and Clark (12) which indicated that 
polymorphonuclear leucocy'tes were relatively’ inactive in increasing 
the resistance of rabbits to their streptococcus; and (3) brings the 
results of Gay and his coworkers into harmony with those of other 
investigators who have emphasized the significance of the earlier 
periods of inflammation in resistance, or who were dealing -n-ith organ- 
isms other than Streptococcus hacmolyticus. 

Streptococci manifest their \-iruIence in two ways; namelv, by’ the 
action of more or less specific histotropic toxins, and by their invasive- 
ncss. Botli aspects of x-irulence are not necessarily manifested bv 
the same strains, since highly to.xigenic strains may show relatively 
little tendency to invade the tissues. Our results reported above 
suggest tliat lack of inw.sivcncss is probably attributable to inability 
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of the streptococcus to elaborate either fibrinolysin or the inhibitory 
factor. Those strains capable of producing fibrinolysin should be 
able to invade and cause more serious conditions, such as septicemia, 
more readily tlian those strains wliich produce only the inhibitory 
substance. In the latter case the initial degree of invasion would be 
more dependent upon the size of the inoculum and the quantity of 
inhibitory substance introduced with the cocci, and it seems unlikely 
that much, if any, of tliis substance would be present under natural 
conditions of infection. The strains, such as tire erysipelas strains, 
which produce both substances appear to be the best equipped for 
tire invasion of tissues. The fact that the Streptococcus viridans 
strains which we have studied produce only the antifibrinog-. nic 
substance, or none at all, seems to us to be the most logical expla- 
nation of the characteristic lack of invasiveness of the viridans group 
of streptococci. 

Our experimental observations are in agreement with the clinical 
experience that virulent hemolytic streptococci never produce a thick 
fibrinous pus; the pus produced is thin and free of fibrin threads. 
Also, our results suggest that the scarcity of polymorphonuclear 
•leucocytes at the site of an inflammation due to virulent streptococci 
may be attributable to the absence of fibrinous reticulum which 
othbrwise would retain the leucocytes in situ whether they were living 
or had been killed by leucocidal substances. 

SUMMARY 

. 1. Menkin’s observations of the failure of inflammatory fixation in 
areas of acute inflammation due to Streptococcus haemolyticus have 
been confirmed. 

2. The lack of inflammatory fixation in tlie presence of streptococci 
is not due to the passive nature of the streptococcus, but may be at- 
tributed to the production of (1) fibrinolytic, and (2) antifibrinogenic 
substances which dissolve the fibrin barrier, or prevent its formation, 
thus maintaining the patency of the Ijonphatics and capillaries and 
facilitating the dissemination of the organisms. 

3. The production of fibrinolytic or antifibrinogenic substances, 
and the invasiveness of a given strain of streptococcus are correlative. 

4. Both substances are relatively thermostable. Fibrinolysin is 
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destroyed if held at 100®C. for 1 hour. The antifibrinogenic sub- 
stance is weakened but is not destroyed under the same conditions. 

5. There is evidence that both substances are antigenic, and exhibit 
some degree of type specificity. 

6. The role of fibrinolysin and the antifibrinogenic factor in the 
invasion of the tissues by streptococci is discussed. 
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EXPLANATION OF PLAITS 

All tissues fixed in Zenker’s acetic fixing fluid, and stained by the Gram-Weigert 
method. Photographs taken with the aid of Zeiss apochromatic objectives and 
Leica camera. 

Plate 34 

Fic. 1. Pholomicrograph showing a densely occluded h-mphatic and marked 
pcrilNTuphatic infiltration vciih granulocytes in the marginal area of an acute local 
inflammation induced in the skin of a rabbit by Staphylococcus aureus (Strain P). 
Duration of inflammation, 4 hours. X 200. 

Fic. 2. Photcmicrograph showing the occlusion of the Kmiphatics in the sb‘n 
of a rabbit, 2 hours after the injection of a suspension of Staphylocccous curcu^ 
(Strain P). X 100. 

Fig. 3. Pholomicrograph showing patent h-mphatics and paudty of leucocytes 
and fibrin in an area of inflammation due to Streptococcus hacmolytlcus (Stein 
Griffith). Duration of inflammation, 4 hours. X 150, 


PLvn: 35 


Figs. 

stnjcture 


4 and 5. Phoiomicrographs of occluded Iw.phatics, sho’.rin 
L' of the nbrmous rcljculum and Its r5!c in retaining cocci in situ. 
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tion induced by Staphylococcus aureus (Strain P). Duration of inflammation, 4 
hours. X 900. 

Fig. 6. Photomicrograph showing the loose reticular nature of fibrin in tlie 
lymphatics in an area of skin which had received 0.5 cc. of an 18 hour culture of 
Streptococcus hacuiolyticus (Strain Dochez). Duration of inflammation, 6 hours. 
Contrast with Fig. 4. X 600. 

Fig. 7. Photomicrograph showing the loose, granular nature of the contents of 
a l 3 »inphatic vessel in an area of sldn which had received 0,5 cc. of an 18 hour culture 
of Streptococcus hac7nolyticns (Strain Ei). Duration of inflammation, 4 hours. 
X 900. 
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CHEMO-BIAIUNOLOGICAL STUDIES ON COxNJUGATED 
CARBOHYDRATE-PROTEINS 
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As a result of the work of numerous investigators a striking advance 

has been made durmg the past decade in our knowledge of the cheJeS 

cu™g substances, the spedtic bacterial polysaccharides. Colkr 
^rbohydrates poss^rng immunologically specific properties W 
been found wdely distributed in many varieties of ^Lnt nnW 
organisms. The significance of these findings Ues in the facr^ 
ttc^ specific romponents, having in common the chemical properties 

,n ma7of;r ' 7 “ determinant subsm^L 

Tr^tht restcarzt"™^^^^^^^^ 

properties, remain sharplv differentiated in T * i ^ chemical 
eventuaUy be erplalned^ the “rLt'strirr^f 

intcrmolccular linkages between the inr?,\ - ? ? Position of 

polj-saccharides arc manifold. Indeed iU's^Lr^Tl-Tl^^ 
tural differences of tliis diar-’ctcr irm \ r i. that struc- 

immunological spedficitv exhibited bv”" f '’ariaPon in the 

U is already k'^oi™ L^dM^nccs “"S'”' 

of the carlxihvdratc radical in ■’rtiifnll " oreochcmical structure 

antigens ind..„eeUiettm;S~ 

shown tliat the azophcnol dveoddfs- r.r % ^>as been 

specivc of the pio.ein iriU. which thly are 7mT,in"d 


Soo 
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animal body to the formation of antibodies v.diich are distinct and 
specific for the carbohj'-drate radical in the antigenic complex. Al- 
though the difference in chemical structure between the glycoside's of 
glucose and galactose is confined to an interchange of the H and OH 
groups on the fourth carbon atom of the hexose radical, yet this slight 
alteration in chemical configuration suflices to determine tlie biological 
specificit}’' of antigens containing these hexosides. If, on tire other 
hand, the structural differences in monosaccharides be confined to 
the carbon atom bearing the aglucon, as in antigens containing a- 
and jS-azophenol glucosides, then tlie immunological reactions of these 
two derivatives of glucose, though predominantly type-specific, show 
a certain degree of crossing, presumably attributable to the identity 
in structure of the five terminal carbon atoms of both glucosides (2). 

Thus it has been established experimentally tliat the stereochemical 
configuration of the hexose radical has an important influence in de- 
termining the biological specificity of artificial antigens containing 
simple monosaccharides. Wlietlier stereochemical changes in tlie 
hexose constituents of more complex saccharides exert a similar in- 
fluence, and whetlier the position of linkage of hexose to hexose affects 
the course of antibody response, are questions of importance in eluci- 
dating the factors which govern the specificity of the reactive pclj'^sac- 
charides of bacterial origin. 

The disaccharides are substances of knoivn chemical constitutions, 
and hence are excellent derivatives to use in studjdng the influence of 
changes in intermolecular linkage and stereochemical structure on 
biological specificity. For this purpose, therefore, the ^-aminophenol 
glycosides of lactose, gentiobiose, cellobiose, and maltose have been 
synthesized (3). The diazonium derivatives of these glycosides have 
been combined witli protein and the resulting conjoined disaccharide- 
proteins have been utilized as antigens in the preparation of immune 
rabbit sera. The present paper is an account of the immunological 
properties of tliese artifically conjugated antigens. For purposes of 
comparison there are also included the serological properties of anti- 
gens containing monosaccharide derivatives prepared by combining 
with the same protein tlie j!)-aminophenol glycosides of a- and /?- 
glucose and of /3-galactose. 
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EXPERIMENTAL 

L Methods . — ^The methods of preparing the mono- and disaccharide immunizing 
antigens used in the present study differ in no essential respect from those pre\ri- 
ously described (2 b). The method of intravenous immunization of rabbits, and 
the technique of the precipitin and inhibition tests, are the same as those employed 
in earlier studies. The immimizing antigens vrere prepared by combining each of 
the carbohydrate derivatives with the globulin of normal horse serum. In order 
to avoid the reactions of a common protein, the test antigens were similarly pre- 
pared by combining the same glycosides to the protein of chicken serum. 

For purposes of brevdty the />-aminophenol ghxosides of the different sugars 
wiU be frequently referred to throughout the text and tables by the following 
abbreriations: a = oc-glucoside; p == ^-glucoside; Ga = /3-galactoside; C = 
cellobioside; M = /3-maltoside; Ge = /3-gentiobioside; andL = ^-lactoside. The 
immunizing antigens prepared b}' combining these glycosides with globulin are re- 
ferred to as a-globulin, C-globulin, etc., and the corresponding antisera respec- 
tively as oc-antiserum, C-antiserum, etc. The test antigens, prepared b\' combin- 
ing the glycosides with chicken serum protein are designated as a-test antigen, 
C-test antigen, etc. 

/. Specific Precipitin Tests 

L Honiologous Precipitin Reactions of Mono- and Disaccharide Anti- 
sera. — The sera of rabbits immunized respectively with antigens con- 
taining the three monosaccharide and the four disaccharide ghxosides 
combined with horse serum globulin were first studied for the presence 
of homologous precipitins. Test antigens containing the same gly- 
cosides combined with the protein of chicken serum were used in the 
precipitation tests. The results of these tests are given in Table I. 

From the results presented in Table I it is seen that antigens con- 
taining either mono* or disaccharide radicals give rise in each instance 
to immune bodies which react with the same carbohydrate derivative 
irrespective of the protein to which it is attached. The glycoside- 
proteins function as effective antigens in the animal body, and it is 
suggested that the large number of polar (OH) groups in the carbo- 
hydrate radical may account for this fact, 

Z. Heterologous Precipitin Reactions of the Disaccharidc Antisera.— 
In order to ascertain whether the disaccharide antisera cross-rcact with 
test antigens containing the other disaccharidcs, each serum was 
tested for the presence of heterologous precipitins. 

T}ic ri-?uU? 0! the cro?f-prodpitin tests are summarized in Table II. 
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From the results given in Table II, it can be seen that an antiserum 
prepared by immunization with C-globulin contains antibodies which 
precipitate not only the homologous C-test antigen, but the heterolo- 
gous Ge-test antigen as well. Similarly the antiserum to Ge-globulin 
contains precipitiris for the homologous test antigen and cross-reacts 
with the heterologous C-test antigen. Neither of these antisera, 
however, reacts to any appreciable extent with test antigens con- 


TABLE I 

Hotnologous Precipitin Reactions of Mono- and Disaccharidc Antisera* 


Antisera prepared by 
immunization with: 

Test antigenst 

Final dilution of test antigens 

1:5,000 

1:10,000 1 

1:20,000 

1:40,000 

Of-Globulin 

a Chicken serum 

H — 1 — 


d-d-± 

d-d- 

/3 “ 

/5 » 

++-^+ 

++++ 

d-d-d- 

+ + + 

Ga “ 

Ga “ 

+++± 

d-h-t- 

d-d-± 

d-d- 

C “ 

C “ “ 


d-d-d-d- 

d-d-d-± 

d-d-d- 

M “ 

M “ 

d — 1 — 1 — h 

d-d-d-d- 

d — 1 — i — h 

-bd-d- 

Ge " 

Ge » 

-) — 1 — hi 

d — 1 — b 

d — i — h 

d-b± 

L “ 

L “ “ 

1 

d-d-d-± 

d-d-d- 

d-b± 


-f- -f -1- = complete precipitation with compact disk formation. 

± = faint turbidity when read with artificial illumination against dark back- 
ground. 

0 = no precipitation. 

* The immune sera were in all instances used in constant amounts of 0.2 cc. A 
dilution of serum in the proportion of two parts of serum to three parts of salt 
solution was prepared, and 0.5 cc. of this dilution, containing 0.2 cc. of the original 
serum, was added to 0.5 cc. of the varying dilutions of test antigens, in Tables I 
to IV. 

t Test antigens were prepared by combining the respective glycosides with the 
protein of chicken serum. 

taming M or L. The M-antiserum, on the other hand, precipitates 
not only M- but also Ge- and C-test antigens; the M-antiserum does 
not react with test antigen containing L. The L-globulin antiserum 
precipitates both the homologous and the heterologous C-test antigen; 
however, it does not react with test antigens in which M or Ge is 
present. 

The cross-precipitin reactions of these four disaccharide antisera 
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appear at first difficult of interpretation, but further consideration of 
the stereochemical structures of the foiu: glycosides affords an insight 
into the complexities of the cross-reactions. Each of the disaccharide 
glycosides has in common a large chemical grouping; namely, a glucose 
molecule substituted by the aglucon — C6H«N=N — combined in glu- 
cosidic union with the reducing group of the hexose. In the case of 
the gentiobioside and ceUobioside, each glycoside contains a terminal 


TABLE n 

Heterologous Frecipilin Reactioits of Disacd'.aride Antisera 


Antisera pr^ared by 
immunization with: 

Test antisens 

Final dilution of test antisens 

1:5,000 

1:10,000 

1:20,000 

C-Globulin 

C Chicken serum 

Ge ‘‘ 

L “ 

-f-fi 

d: 

1 ‘ W 
++ 

-f-d-i-i 

zd 

*hdz 

-I- 

M-Globulin 

C Chicken serum 
M 

Gc “ 

L 

— — 

B 

+-rdb 

d: 

*rdz 

-U 

zd 

Gc-GlobuUn 

C Chicken serum ! 
M ‘‘ 1 

Gc “ 

L “ 

db 

dz 

dz 

O-J- 

1 i 

zd 

-f+dz 

zd 

I>-GlobuUn 

C Chicken scrum 

M “ 

Gc 

L “ 

-h + dz 

-F-rd: ! 

1 

=b 1 

-rJ-r ‘ 

-r-f* 

dz 

zd 


(3-glucosc molecule substituted in positions 6 and 4 respectively of the 
glucose molecule bearing the aglucon. The maltoside, on the other 
hand, has an a-glucose molecule substituted in posirion 4, whereas 
the lactoside has a /S-galactose molecule in this same position. The 
constitutional and configurational rclationsWps of these four glyco- 
sides may best be understood by the follon-ing graphic formulae”: 
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CHoOH CHsOH 




;^-Aminophenol |3-maltoside 


H OH CHoOH 




/(-Aminophenol /3-cellobioside 


H 



OH CH2OH 



H OH 


/>-Aminophenol j3-lactoside 




/^-Aminophenol /3-gentiobioside 
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From the graphic formulae it can be seen that the carbohydrate 
radicals of the cellobioside and gentiobioside are each composed of two 
units of glucose combined in glucosidic union. In the case of the 
ceUobioside, the union of hexose molecules is on the fourth carbon 
atom of the glucose molecule bearing the aglucon; in the gentiobioside 
this union is on carbon atom 6. Apparently as a result of the simi- 
larity in structure, and because of the /3 configuration of the terminal 
glucose molecule common to both glycosides, antigens containing 
either C or Ge show reciprocal cross-reactions in the corresponding 
antisera. The position of linkage of hexose to hexose is apparently 
less important in determining specificity than is the configuration of 
the terminal hexose. The configuration of the mdi\'idual carbon 
atoms of the terminal hexose is also an important factor in determin- 
ing specificity, since an antigen containing L does not react in C anti- 
serum despite the fact that the structures of C and L are identical 
save in respect to the spatial arrangement of the H and OH groups on 
the fourth carbon atom of the terminal hexose. 

Although the M-test antigen fails to predpitate either in C- or Ge- 
antiscrum, it is a striking fact that both C- and Ge-test antigens pre- 
dpitate in an antiserum prepared by immunization with maltoside- 
globulin. WTien one considers these cross-reactions with reference to 
the chemical structure of the three glycosides, it appears that the 
specificit}" of the immunological response is more sharply defined when 
the terminal he.xose in the antigenic molecule has the jS rather than 
the a configuration. The reason for this is not known. 

It has been predously pointed out that the four glycosides, :M, C, 
Ge, and L, each possess in common a large molecular grouping; namely, 
a glucose molecule bearing the aglucon — CtEb — X=X — . In \'iew 
of this fact one might c.xpcct the corresponding antisera to show 
marked cross-reactions with test antigens containing any one of the 
heterologous glycosides. That this is not the case, however, is c\ndent 
from the results of the predpitin tests given in Table II. It may be 
concluded, therefore, that the large grouping common to all the disac- 
charidc antigens c.\crts but little influence on serological crossing and 
that in tho.-c instances in which this phenomenon occurs the reactions 
are determined primarily by similarities in the configuration of the 
terminal hc.xose of the glycosides. 



606 


CONJUGATED CARBOHYDRATE-PROTEINS. DC 


One striking exception, however, has been encountered in the case 
of the lactoside, in wliich the terminal hexose is /3-galactose. An 
antiserum to the lactoside would, on the basis of the preceding hy- 
pothesis, not be expected to precipitate an antigen having a terminal 
/3-glucose molecule. However, it has been shoum that L-antiserum 
contains precipitins reactive with C-test antigen, although the reac- 
tion is not reciprocal. There is at present no adequate explanation 
for this phenomenon. It may be pointed out that Landsteiner and 
Lampl (4) encountered a series of non-reciprocal reactions in the course 
of investigations on the specificity of antisera to o-aminobenzene sul- 
fonic acid, and o-aminobenzoic acid. Similarly Heidelberger and 
Kendall (5) have described in detail an analogous series of non-recipro- 
cal precipitin reactions employing antisera prepared by immuniza- 
tion of rabbits with R-salt-azo-benzidine-azo-crystalline egg albumin 
and native crystalline egg albumin. 

3. Heterologous Precipitin Reactions of Disaccharide Antigens in 
Monosaccharide Antisera. — In order to gain further insight into the 
factors which determine the serological specificity of disaccharide anti- 
gens, the latter were tested in the immune sera prepared by the im- 
munization of rabbits with antigens containing the azophenol glyco- 
sides of a- and jS-glucose and /3-galactose combined with horse serum 
globulin. The structural relationsliip of the hexosides from which 
the corresponding monosaccharide antigens were prepared is repre- 
sented by the following grapluc formulae: 

CH:OH CH:OH 




/>-Aminophenol a-glucoside />-Aminophenol /3-glucoside 
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CHiOH 



/»-Aminophenol )3-galactoside 


From the above formulae it can be seen that the or- and jS-glucosides 
differ from one another in the stereochemical arrangement of the car- 
bon atom bearing the aglucon. The remaining five carbon atoms of 
each hexoside have the same stereochemical pattern. The /3-galacto- 
side differs from the /S-glucoside in that in each instance the H and 
OH groups on the fourth carbon atom are interchanged. Before 
turning to the results of the precipitin tests of the disaccharide test 
antigens in the monosaccharide antisera, it must be recalled that the 
terminal hexose of both the cellobioside and the gentiobioside is /S- 
glucose, while the terminal molecrile of the maltoside is a-glucose, and 
of the lactoside, /S-galactose. 

From the results of the precipitin reactions of disaccharide antigens 
in monosaccharide antisera (Table m) it is interesting to observe that 
only the test antigen containing the maltoside, the terminal hexose 
of which is a-glucose, reacts in a-antiserum. The two test antigens 
containing the cellobioside and gentiobioside, both of which have 
terminal /3-glucosc radicals, react only in ^-antiserum, and finally the 
lactoside test antigen, the terminal he.xosc radical of which is galactose, 
reacts only in /3-galactoside antiserum. The results of these serologi- 
cal tests suppwrt the \’icw that the stereochemical configuration of the 
terminal hc.xose in disaccharide antigens is the dominant factor in 
determining tlicir serological crossing in monosaccharide antisera. 

4. Predpilir. Reactions of Monosaccharide Antigens in Disacckaridc 
Antisera. — In order to determine whether the monosaccharide test 
antigens react with the disaccharide antisera, the latter were tested 
for the presence of predpiu'ns reactive with a-, and Ga-lcst anti- 
gens. The rc.mlts of Uic predpilin tests arc given in Table R'. From 
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the results given in Table IV it may be seen tliat only the a-test anti- 
gen reacts in M-antiserum, whereas tlie /3-test antigen reacts in both 

TABLE III 


Precipitin Reactions of Disaccharidc Antigens in Monosaccharide Antisera 


Antisera prepared by 
immumzation with: 

Test antigens 

Final dilution of test antigens 

1:5,000 

1:10,000 

1:20,000 


a Chicken serum 

+++ 

H — hzh 



C “ 

it 

± 

0 

0 

a-Globulin 

M “ 

« 

++=k 

+ + zh 

-1-+ 


L 


0 

0 

0 


Ge “ 


0 I 

0 

0 


j8 Chicken serum : 

++++ 

++++ 

+-f-F=b 


C “ 

U 


+-{-± 

++ 

)S-Globulin 

M “ 

{( 


0 

0 


L 

{t 

0 

0 

0 


Ge “ 

(t 

+++ 

+++ 

++ 


Ga Chicken serum 

+++ 

++± 

++ 


c 

it 

0 

0 

0 

Ga-Globulin 

M “ 

tt 

0 

0 

0 


L “ 

tf 


+-h 

++ 


Ge “ 

(C 

0 

0 

0 


TABLE IV 


Precipitin Reactions of Monosaccharide Antigens in Disaccharide Antisera 


Antisera prepared by 
immunization with: 

Final dilution of <x 
chicken serum antigen 

Final dilution of /3 
chicken scrum antigen : 

Final dilution of Gn 
chicken serum antigen 

1 

1:10,000 

1:20,000 

1:5,000 

1: 10,000 

1:20,000 


1:10,000 

1:20,000 

C-Globulin 

dz 




++ 

++ 

0 

0 

0 

M 

++ + 


+ + 

+++ 

++± 

++ 

0 

0 

0 

L » 

0 

0 

0 

0 

0 

0 

-f-+ 

+ rt: 

+ 

Ge “ 

db 

db 

1 

bb 

-1 — 

++± 

++ 

! 0 

: 0 

0 


C- and in Ge-antiserum as well as in M-antiserum. It has been 
previously shown that both C- and Ge-test antigens, the carbohydrate 
radicals of which both contain a terminal /3-glucose molecule, react in 
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M-antisenun. It is not surprising therefore, that an antigen con- 
taining a monosaccharide radical having the ^-glucose configuration 
also reacts in the same serum. It is also evddent from Table R' that 
the Ga-test antigen, vrhich possesses a terminal /3-galactose molecule, 
reacts only in L-antiserum. These serological findings again empha- 
size the fact that the configuration of the terminal hexose is a domi- 
nant factor in determining the specificity of antibodies induced by 
disaccharide antigens. 


TABLE V 

Inhibiiion of Prccipitins in CcUobioside-GIobulin Antiserum by Homologous and 

Heterologous Glycosides* 


Inhibitins gij’cosidc 

Test antigens (final dilution 1:5,000) 

c 

1 

Ct 


None 




a 



-h-h 

P 


0 

0 

Ga 



-f-f 

C 

0 

0 

0 

M 


-f ! 

-h-h 

L 

-f-f-fdb 

-hi ' 

-h-hi 

Gc 

-U J — 1-^ 

0 

6 


* The technique of the specific inhibition tests given in Tables V to \Tn was as 
follows; 0.3 cc. of a 0.1 st solution of the different />-aminophenol glycosides was 
added to 0.2 cc. samples of immune serum. The mixtures were incubated for 2 
hours at 37°C, and to them was then added 0.5 cc. of a 1:2,500 dilution of the 
reactive test antigens. The tubes were again incubated for 2 hours at jT’C. and 
the final readings were recorded after the tubes had stood overnight in the ice box. 

II. Specific Ir.hihilion Tests 

1. Ccllvbwsidc-Globulin Aftliscrwn . — ^The selective spedficitv of the 
precipitins in ccllobioside-globulin antiserum for test antigens con- 
taining tlic cellobioside, the gentiobioside, and the /3-gIucoside can be 
seen from the results of the specific inhibition tests given in Table 
An analysis of the data presented in Table V shows that tlic specific 
reaction between C-antiscrum and its homologous test antigen can be 
inhibited only by C, whereas the cross-reaction of Gc-test antigen in 
C-antiserum is inhibited by C, Ge, and by S. These three glycorides 
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each have a terminal /3-glucose radical. It must be pointed out that 
the heterologous reactions, though somewhat diminished, are not com- 
pletely inhibited by a or by M, both of wliich are glycosides having a 
terminal a-glucose radical. Likewise tlie cross-reaction between C- 
antiserum and Ge-test antigen is not inhibited by L or by Ga, both of 
which contain a terminal /S-galactose radical. Similarly, the cross- 
reaction between jS-test antigen and C-antiserum is inhibited by C, 
Ge, and by /3, but by none of the other glycosides. 

The results of the specific inhibition tests emphasize the fact that 
an antigen containing a cellobiose radical gives rise to antibodies which 
are specific for this particular carbohydrate grouping. Since the reac- 

TABLE VI 


Inhibition of Precipitins in Genliobiosidc-Globulin Antiserum by Homologous and 

Heterologous Glycosides 


1 

Inhibiting glycoside 

Test antigens (final dilution 1:5 

,000) 

Ge 

C 

iS 

None 

+++ 

+ =b 1 

+ + ri: 

a 

+ + d= 

+± 

++ 


++± 

0 

0 

Ga 

++A: 

+± 

-t-+ 

C 

++db 

0 

0 

M 

++± 

-fdb 

"1 — h 

L 

-| — f-± 

4-db 

-1-+ 

Ge 

0 

0 

0 


tion between C-antigen and homologous antiserum cannot be in- 
hibited by the glycoside of gentiobiose, a disaccharide which is iso- 
meric with cellobiose, it may be concluded that the position of the 
biose linkage is important in determining the biological specificity of 
disaccharide antigens. From the fact that the heterologous reactions 
of /3- and Ge-test antigens in C-antiserum can be inhibited only by 
glycosides containing a terminal /3-glucose molecule, it may be further 
concluded that the specificity of the serological cross-reactions is de- 
termined primarily by the configuration of the terminal hexose residue 
of the cellobioside. 

2. Gcniiohiosidc-GlohitUn Antiserum . — ^The results of the specific in- 
hibition of precipitins in gentiobioside-globulin antiserum by the 
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homologous and heterologous glycosides are summarised in Table ^T. 
From the results presented in Table IT it can be seen that only the 
gentiobioside inhibits the reaction between Ge-antiserum and homol- 
ogous test antigen. The fact that the homologous reaction cannot be 
inhibited by the ceUobioside, a derivative which is identical with the 
gentiobioside in structure except for the position of the biose jimction, 
further substantiates the importance of the position of intermolecular 
linkage in determining the specificity of disaccharide antigens. As in 
the case of the ceUobioside antiserum, the heterologous precipitin 
reactions of Ge-antiserum are in each instance inhibited by glycosides 

TABLE \TI 


Iithibiiion of Prccipiiins in Malloside-GIohiilin Anliserum by Homologous and 

Helerologotis Glycosides 


InhibitJE!; gly- 
coside 


Test antigcTLS (final dilation 1 

1:5.000) 



a 


c 

Ge 

None 

-f-h-h-h 

I 

-f-h-h 

1 

1 'T'fzb 


a 


0 

0 


0 

P 



0 

0 


Ga 

-f-h + i 

-F-f i 

-r-f-r 

4— r 


C 


-f-fi ; 

zb 

0 

0 

M 

0 

0 

0 

0 

0 

h 



“hH — r 

-r-r 

— u 

Gc 

-h4-rdb 


0 

0 

0 


containing a terminal /3-glucose molecule, and not by those ha\-ing 
an a-glucosc or /3-galactose configuration. 

3. Mallosidc-Globuhn Aiiiiscmm . — It will be recaUed that an anti- 
serum prepared by immunization with an antigen containing azophe- 
nol maltosidc cross-rcacts with test antigens in which the terminal 
he.xosc residue is either a- or d-glucose, but docs not react with anti- 
gens in which the terminal he.xosc is ^-galactose. Tlic results of the 
specific inhibition of prccipiiins in M-anliserum by the diflerent glyco- 
sides arc given in Tabic VII. From the results of the specific in- 
hibition test.s given in Table I'll it can again be seen that precipitation 
of M-tesl antigen in homologous antiserum is inhibited only by the 
maltnside. The failure of the other glycosides to inhibit the* hnrr.olo- 
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gous precipitin reaction indicates that the maltoside antigen gives 
rise to immune bodies specific for the disaccharide radical in question. 

It has previously been pointed out that the terminal hexose of mal- 
tose is a-glucose. The configurational relationship of the six carbon 
atoms of this portion of the maltoside is in all respects identical with 
tliat of the simple monosaccharide derivative, a-glucoside. On the 
basis of this configurational identity, and in view of tlie fact that the 
specificity of the cross-precipitins elicited by antigens containing a 
disaccharide radical is determined primarily by the terminal hexose, 
the precipitation of azophenol a-glucoside in M-antiserum may be 
considered as approaching an homologous reaction. It is tlierefore to 
be anticipated that this reaction would be inhibited only by those 
glycosides possessing an cr-glucose configuration. That this is indeed 
the case may be seen by referring to Table VII, the results of wliich 
show clearly that neither B, Ge, nor C inhibit the reaction of cr-test 
antigen in M-antiserum. It may be concluded tliat the configuration 
of the terminal hexose of the M-immunizing antigen so orients the 
specificity of the antibodies induced that the latter, as evidenced by 
the inhibition tests, remain predominantly specific for the a-glucose 
configuration. 

The cross-reactions of M-antiserum with the heterologous test anti- 
gens /3, C, and Ge can be understood by comparing tlie similarity in 
chemical constitution of the three glycosides with that of tire homolo- 
gous maltoside. In each glycoside the terminal hexose is glucose. In 
the maltoside this hexose has the a-configuration, whereas in the jS- 
glucoside, the cellobioside, and the gentiobioside, the terminal hexose 
is /9-glucose. In all of these glycosides the five end carbon atoms are 
identical in stereochemical structure. Tlris identity in structure may 
explain the cross-reactions of test antigens containing the terminal 
/9-glucose configuration in M-antiserum. Similarly, it might be ex- 
pected that test-antigens containing a terminal a-glucose molecule 
would reciprocally react in the antisera prepared by immunization 
witlr antigens containing a terminal /9-glucose configuration. It has 
already been pointed out, however (c/. Table II), that in general this 
is not the case, although certain C- and Ge-antisera have been obtained 
which show a slight degree of crossing with both a- and M-test anti- 
gens, when the latter are used in high concentration. It appears. 
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therefore, that disaccharide antigens containing a terminal )S-glucose 
molecule give rise to antibodies -which in general cross-react -with test- 
antigens ha-ving a j8-glucose molecule and not -with those in -which the 
terminal hexose has the a configuration. This fact appears to be 
true on’.y for antigens containing the azophenol glycosides of the jS- 
disaccharides and not forcorresponding glucoside of the monosacchar- 
ide, /3-glucose. The reason imderlying this unusual phenomenon can- 
not as yet be defined -with certainty. By reference to molecular models 
of the two disaccharides, maltose and cellobiose, it is at once apparent 
that the spatial relationship of the polar groups of the two hexoses is 
in each instance different. This difference in the orientation of these 
groups may modify, or even mask, the influence -which the individual 
polar groups might otherwise exert upon the specificity of disaccharide 
antigen containing two he.xose molecules. 

It has previously been pointed out that the cross-reactions of /3-, 
C-, and Ge-test antigens in M-antiserum may be attributed to the 
identitj’- in configuration of the five end carbon atoms of each of these 
glycosides. It might be e.xpected, therefore, that any glycoside hav- 
ing this common configuration would inhibit the reaction of /3-, C-, 
or Ge-test antigens in ^I-antiserum. Indeed, this has proved to be 
the case, for it may be seen from Table \TI that the cross-reactions of 
the maltoside-globulin antiserum -with any one of the heterologous 
test antigens containing a terminal /S-glucose molecule are inhibited 
by any one of the ^-aminophenol glycosides, in -which the terminal 
hcxose molecule is glucose, irrespective of its configuration. However, 
when the configuration of one of the five terminal polar groups is al- 
tered, as in the case of the galactosidc or lactoside, the latter gh'co- 
sides fail to inhibit the cross-reactions between M-antiscrum and test 
antigens containing a terminal glucose molecule. 

4. Laciosidc-Glohuhy. AvJisrnim . — ^The selective spedficitv of the 
antibodies in lactoside antiserum may be seen from the results of the 
inhibition tesLs given in Table VIII. 

From data presented in Tabic VIII, it is seen that the antigen con- 
taining the lactoside gives rise to immune bodies which are specific, 
since the precipitation of L-test antigen in homologous anti.'cru.m cm 


be inhibited only by the homologo-us glycoside, 
tion of Ga-test antigen in I^antiserum i.s likev.-f 


The cro.^'-predpita- 
se inhibited onlv bv 
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the glycoside of lactose and galactose. This observation once more 
confirms the view that the terminal hexose of disaccharide antigens 
exerts a dominant influence in determining serological crossing. On 
the basis of this concept, it would be expected that L-antiserum would 
react only with test antigens containing L and Ga. However, it has 
already been seen (Table II) that C-test antigen reacts in L-antiserum 
despite the fact that the terminal hexose of the cellobioside is glucose, 
while that of the lactoside is galactose. The only portion of the cello- 
bioside and lactoside which is identical in configuration is therefore the 
glucose molecule bearing the aglucon. The serological activity of C- 
test antigen in L-antiserum might be ascribed to this common group- 

TABLE VIII 


Inhibilion of Prccipilins in Lactoside-Globulin Anliscrum by Homologous and 

Heterologous Glycosides 


Inhibiting glycoside 

Test antigens (final dilution 1:5,000) 

L 

Ga 

c 

None 

++-f- 

+ dz 

d-d- 

a 

+++ 

+=b 

d-=fc 


+++ 

d-d= 

d-± 

Ga 

+++ 

0 

d-=fc 

C 


d-± 

0 

M 

++-t- 

d-± 

i +“b 

L 

0 

0 

0 

Ge 

d-d-b 

d-± 



ing. It must be remembered, however, that this grouping is also com- 
mon to the maltoside and gentiobioside, yet antigens containing the 
latter glycosides fail to react in L-antiserum. Moreover the two gly- 
cosides, Ge and M, do not inhibit the cross-reaction of C-test antigen 
in L-antiserum. At present there is no adequate explanation for 
this unusual cross-precipitin reaction, nor do the results of the specific 
inhibition tests throw any light on the situation. The question must 
await further investigation before a definite explanation can be given. 

DISCUSSION 

In attempting to understand the intricate serological relationships 
between antigens containing the four disaccharides, gentiobiose, cello- 
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biose, lactose, and maltose, it is necessary to have clearly in mind a 
picture of the stereochemical structure of each disaccharide. The 
reducing disaccharides, maltose, gentiobiose, lactose, and cellobiose, 
are compounds of two hesose molecules joined in glycosidic union 
through the reducing group of one of the monosaccharide constituents. 
The point of attachment of one hexose to the other, and the nature of 
the linkage (i.e. whether the terminal hexose has an a or /3 configura- 
tion) have been carefully ascertained in the case of the four disac- 
charides in question, and as a result their chemical structures are 
fully comprehended. With an exact knowledge of their structures, 
the disaccharides become excellent substances for study in correlating 
changes in chemical constitution with differences in biological speci- 
ficity. 

The conversion of these four disaccharides into their corresponding 
^-aminophenol glycosides (3) is without doubt accompanied by no 
change in the lactal ring structure of the hexose units. The glycosides 
may be regarded as built up from two units of hexoses in pjuanoid 
form, with the remaining reducing group replaced by the aglucon 
— CsEhNH;. The three glycosides of maltose, cellobiose, and lactose, 
have a common structure and are distingxiishable only in that each 
has a different configuration. The gentiobioside, on the other hand, 
differs structurally from its isomers in that the point of attachment 
of the terminal /S-glucose molecule is on the si.xth carbon atom of the 
glucose molecule bearing the aglucon. By referring to the graphic 
model formulae these structural and configurational relationships may 
be clearly seen. 

From tlie results of the specific inhibition tests and the heterologous 
precipitin reactions it may be seen that these structural and configu- 
rational relationships have a distinct and definite influence in determin- 
ing the immunological specificity of antigens containing these disac- 
charidcs. The present study emphasizes the fact that the spedfidty 
of the serological cross-reactions of disaccharide antigens is determined 
by the configuration of tlie terminal hc.xosc molecule. In a study of 
the immunological properties of peptides, Landstcincr and van*der 
Schcer (6) have shown that the specificity of antigens containing 
ammo bcnrmylatcd peptides depends primarily upon the structure of 
the terminal amino add. and to a less degree upon the other amino 
r.c:d< in tiic peptide chain. 
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Although each of the disaccharide antigens contains in common an 
azophenol /3'glucoside radical, this second hexoside grouping does not 
appear to be of importance in determining serological crossing; how- 
ever, its presence does confer upon each antigen certain specific proper- 
ties. The role of tliis common hexose molecule bearing the aglucon 
is demonstrated by the fact that the homologous reactions between 
disaccharide test antigens and the corresponding antisera are not in- 
hibited by simple hexosides conforming in configuration and structure 
to the terminal hexose molecule of the disaccharide. It must be 
borne in mind, therefore, that the individual specificity of disaccharide 
antigens is dependent upon the molecular pattern of the gtycoside 
radical as a whole. Thus it has been shown tliat antigens containing 
glycosides as closely related as are the gentiobioside and cellobioside, 
may be specifically and sharply differentiated serologically by means 
of inhibition reactions. 

From a comparison of the immunological properties of the different 
disaccharide antigens, it is evident that when the terminal hexose has 
the jS configuration the specificity of the antibody response is more 
sharply defined than when this configuration is of the a type, for it 
has been shown tliat altliough C- and Ge-test antigens react in M- 
antisermn, the reverse does not hold true. 

A striking analogy to the lack of reciprocal cross-reactions is found 
in the case of the capsular polysaccharides of Pneumococcus Types III 
and VIII. It has been observed that the specific polysaccharide of 
T 5 ^e VIII Pneumococcus reacts both in Type VIII and Type III 
antipneumococcus serum, whereas the T 3 ^e III carbohydrate reacts 
only in the homologous antiserum. 

SUMMARY 

The results of the present study indicate that by means of serological 
reactions it is possible to differentiate selectively the ^-aminophenol 
glycosides of maltose, cellobiose, gentiobiose, and lactose. The im- 
munological specificity of disaccharide-protein antigens prepared from 
these derivatives, irrespective of the nature of the conjoined protein, 
is determined b}'’ (1) the glycoside molecule as a whole, (2) tlie con- 
figuration of the terminal hexose molecule, and (3) the position of link- 
age of the two hexose units in the carbohydrate radical. The specific- 
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ity of the antibodies induced by the disaccharide antigens appears to 
be more sharply defined when the configuration of the terminal hexose 
is of the |8 rather than of the a type. 
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STUDIES UPON MINUTE HEMOLYTIC STREPTOCOCCI 

I. The Isolation and Cultural Characteristics of Minute Beta 
Hemolytic Streptococci* 

By PERRIN H. LONG, M.D., act ELEANOR A. BLISS, Sc,D. 

{Fro 7 n the Department of Medicine, The Johns Hopkins University, Baltimore^ 

(Received for publication, July 20, 1934) 

In a recent brief report (1) we discussed the isolation of small, 
amphophilic cocci which possess the power of producing the beta type 
of hemolysis in poured plates of rabbit^s blood, sugar-free agar. These 
minute organisms resembled the ordinary type of betei hemolytic strep- 
tococci in many of their morphological and cultural characteristics. 
They were isolated from the rhinopharynx in a variety of diseases 
and from normal human beings, but were recovered most frequently 
from the throats of individuals suffering from glomerular nephritis or 
progressive rheumatic infection. These organisms occur in pairs, 
short chains and masses and are one-haK to two-thirds the size of 
ordinary beta hemolytic streptococci. While it seems imlikely that 
these organisms have not been previously observed, a thorough search 
of the available literature has failed to reveal any description of them. 
In this report their cultural characteristics will be described. 

Methods 

Technique of Primary Isolation , — The majority of our strains have been isolated 
from the throats of human beings and we believe that the method of swabbing 
the throat is of prime importance. We have found that cotton-tipped sterile 
twisted wire swabs are ideal for this purpose. They must not be tipped with 
too much cotton. The ordinary" cotton-tipped, wooden applicators which one 
generally encounters on hospital wards are too bulky and too difficult to maneuver 
in the process of swabbing a throat. It is our practice to rub thoroughly each 
tonsil or tonsillar fossa, exploring the tonsillar cix'pts, if any are present, and 

Read in abstract before the Soth Annual ^Sleeting of the Societrv' of American 
Bacteriologists, Philadelphia, December 29, 1933. 
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ordinary' microscope. A standardized ocular micrometer was used in making 
the measurements. 

Fermentation Reactions, — 10 per cent sterile lactose, mannitol, salidn, trehalose 
and sorbitol solutions were added to tubes of sugar-free beef infusion broth in 
amounts sufficient to make the final concentration of these substances in the 
broth 0.5 per cent. The five sugar media were each inoculated with 0.1 cc. of 
an actively growing strain and were incubated for 4 days at 37°C. If an abun- 
dant growth occurred the presence or absence of the production of acid was 
determined by adding Andrade's indicator. 

Reduction of Methylene Blue Milk, — ^R. C. Avery's (2) method of preparing the 
methylene blue milk medium was used. This medium with plain milk controls 
was inoculated by adding 0.1 cc. of an actively growing culture to 5 cc. of each 
medium. The cultures were incubated at 37®C. for 1 week and were examined 
each day for evidence of the reduction of methylene blue. 

Hydrolysis of Sodium Hippurate. — The method described by Ayers and Rupp (3) 
was employed. The cultures were incubated at 37°C. for 4 days. Known posi- 
tive cultures and uninoculated control tubes were included in each series. 

Fibrinolytic Activity, — ^Dr. W. S. Tillett has tested a number of our strains for 
their fibrinolytic activity, using the method recently described by Tillett and 
Gamer (4). 

Fiiuil pH, — ^The final pH attained by the various strains of minute hemol>iic 
streptococci after 3 da>'s of growth in 1 per cent dextrose broth was determined 
by the methods of O. T. Avery and Cullen (5). Readings were made upon the 
supernatant broth of centrifuged cultures. Brom-cresyl green was the indicator 
used and the readings were checked against standards of brom-cresyl green 
phthalate-NaOH buffer solutions. All of our strains have been checked two 
or more times and where a difference of more than 0.2 pH was obtained the 
results were averaged. Because of the natural error in these determinations the 
results are expressed in terms of d=0.1 pH. 

BEST7LTS 

Since the time of the initial isolation of the organisms from the throat 
of an individual iU with latent glomerular nephritis we have isolated 
and observed over 200 strains of minute beta hemolytic streptococci. 
These have been obtained from individuals ill with glomerular nephri- 
tis, rheumatic infection, other acute or chronic diseases and from 
normal human beings. Upon two occasions they have been recovered 
in pure culture from pus removed from acutely inflamed paranasal 
sinuses and in one instance from the pus from an abscess of the deep 
tissues of the chest. 

In the primar>^ isolation in rabbit’s blood agar poured plates the 



622 


small a ^^''B^Tococcx. x 

first become visible th ^™“Iysis. When the 

“aided ey;":,to“’r r”‘ h:rh?'“°'""" 

ox an ordinaxy microscope At tl ‘° “o of 2 w““ 

a^Ppears as a smalJ stage of Hptr^i power 

size from 18 to 30 ’ • ^ ^ ^^anular, roughly drr ) colony 

of true ton tj;e 1,®?“ I?? - 

wrinided and crenated ^fT' ®^^^siona]Jy the col * ^ 

barely have the coW°' W a to be 

endof48hoiirQ • O'^al in thp ■ ^PPearance 

"ore visible. In the incubation were re^ ^ 'i""’ '“'‘i’ough, 

Aameter of the area oftt 'iovelopment th”'^ ‘'"ay 

decreases so that 11;^ ” Wth furthe ? f “a colony 

4 to 1. i>y tte end of 48 hoursTh^" "'="''a«on ra& 

^be growth from the fi generally 3 or 

n-cdiurin tta? 

iitas made from cm „ , in“r'” '>acomo 
method the onanism "ia'd medium an^ . .“‘ablished. In 
pairs, in short chains minute cocci ocr™^"^ Gram’s 

coccus is one-hajf te e small and larae ma nrnng singly m 

streptococcus and t , ®e of ftetr' 

strongly Gmm-p"sitil“”t“d»crently ^^“eWc 

dertrose beef inW difficulty in such f med ' ' minsion broth 

in the Sat two oMr “ *cnerX d“?' per cent 

~ tot at:"F“- -d™: 

organisms upon the surface of 



P. H. LONG AND E. A. BUSS 


623 


a sugar-free, 5 per cent, rabbit’s blood agar plate and spreads the 
inoculum with a glass rod, a fine mist of colonies will be observed 
after 18 to 24 hours of incubation. Hemolysis may or may not be 
visible at this time. However, at the end of 48 hours incubation 
marked hemolysis is present. When well spaced the colonies have 
the following diaracteristics. They may be dewdrop, flat peaked or 
peaked in outline. They are generally smooth and shiny although 
strains showing glazed, granular or wrinkled surfaces have been en- 
coimtered. The hemolyzed agar about the colony is frequently 
depressed and pitted and the colonies themselves are dry and tena- 
cious, and are removed with difficulty from the surface. An incuba- 
tion period of from 5 to 6 days is required before the colonies reach 
their maximum size. 

These streptococci are facultative anaerobes and can be grown on 
blood agar in anaerobic jars or in Noguchi’s medium. They are diffi- 
cult to maintam in stock cultures because they die out rather rapidly 
in ordinary media when left either at room temperature or at a tem- 
peratiue of ±4°C. An easy method of preserving them is to inoculate 
Noguchi tubes containing 10 cc. of rabbit’s blood broth with 0.1 cc. 
of culture and, after 24 hours of incubation at 37°C., to seal the tubes 
with sterile vaselme and to store them at rt4°C. Cultures may be 
mamtained for at least 4 months under these conditions. 

In passing we must state that in the course of their primary isola- 
tion in rabbit’s blood agar plates we have noted other microorganisms 
which tend to produce very small colonies and small zones of hemoly- 
sis. Among these are small forms of Hemophilus hemolyticus, mem- 
bers of the Neisseria group, minute alpha hemolytic streptococci and 
a hemolytic Gram-positive coccus which is as yet imidentified. AH 
of these forms may be confused with minute streptococci as far as 
their gross appearance in blood agar plates is concerned. 

The minute streptococci we have studied tend to fall into two main 
groups, the first consisting of strains which ferment salidn and tre- 
halose, and the second those which possess the Streptococcus pyogenes 
type of fermentation. Several strains showing irregular powers of 
fermentation were placed in a third group. We feel, however, that 
these strains represent e.xamples of other groups which as yet have 
been encountered but rarely and we do not consider that these organ- 
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TABLE 1 


Cnltural and Biochemical Characteristics of Group I Minute Hemolytic Streptococci 
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4 to 1, to 9 to 1. At the end of 48 hours of incubation this ratio ^as 
in most instances 3 or 4 to 1. Ordinary beta hemolytic streptococci 
from human sources have a ratio of 3 or 4 to 1 from the time the 
colonies are first visible and preserve this ratio throughout the period 
of incubation. 

All of the strains of minute hemolytic streptococci in this group 
fermented salicin and trehalose while none fermented lactose, man- 
nitol or sorbitol. On the basis of their reaction in lactose, mannitol 
and salicin, they would be classed as belonging to the Streplococcus 
eqid group. However, Edwards (6) has recently shown that almost 
all hemolytic streptococci of human origin ferment trehalose and not 
sorbitol while the majority of hemolytic streptococci from animal 
sources ferment sorbitol and not trehalose. An exception to this 
latter finding exists in the hemolytic streptococci which are isolated 
from cases of strangles in horses, which ferment neither trehalose nor 
sorbitol but do attack salicin. Therefore, while the organisms in this 
first group resemble typical equine streptococci in their ability to fer- 
ment salicin, their power of fermenting trehalose definitely indicates 
that they cannot be classed as typical Streptococcus equi strains. 

Lancefield (7) has demonstrated by means of a precipitin reaction 
that the strains of beta hemolytic streptococci which ferment trehalose 
can be divided into two groups when tested by this serological method. 
In her Group A almost all of the strains are of human origin while 
in Group B many of the strains are derived from bovine sources. 
However, the Group B strains h 3 ^droly 2 e sodium hippurate and pro- 
duce more acid in 1 per cent dextrose broth than do the Group A 
strains. None of the minute organisms h 3 ’’droly 2 ed sodium hippurate 
but they differed from Lancefield’s Group A strains in add production 
in 1 per cent dextrose broth. Many of oxir organisms produced more 
add than the Group A strains but less add than the Group B strains. 

Strains of minute hemolytic streptococd possessing a Streptococcus 
pyogenes t^^pe of fermentation were placed in a second group. A 
marked variation in the ratio of the diameter of the zone of hemolysis 
to the diameter of the colonj’’ was noted among the members of this 
group. Certain strains behaved in this respect as did members of 
the first group while others maintained a high ratio throughout the 
period of incubation. All fermented lactose, salicin and trehalose. 
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None hydrolyzed sodium hippurate or reduced methylene blue milk. 
A moderate amount of acid was produced in 1 per cent dextrose broth 
by the members of tliis group. 

TABLE II 


Cnltural and Biochemical Characteristics of Groups II and III Minute E analytic 

Streptococci 
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TABLE n — Concluded 
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The third group comprised strains which possess weak powers of 
fermenting the test sugars. Three of the members of this group had 
the typical Slreplococciis eqiii type of fermentation reactions, and the 
other three resembled Streptococcus subacidus as far as their fermenta- 
tion reactions in lactose, manmtol and salicin were concerned. None 
of the six strains hydrolyzed sodium hippurate or reduced methylene 
blue milk and with one exception only a small amount of add was pro- 
duced in 1 per cent dextrose broth by the members of this group. 

A certain number of strains from the first two groups have been 
tested for the presence of the fibrinohdic substance recently described 
by Tillett and Gamer (4) but as yet none of the tested strains has 
shown this substance. Inasmuch as Tillett (8) has demonstrated that 
98.8 per cent of beta hemolytic streptocoed from human sources pos- 
sessed this substance while only 11 per cent of beta hemohiic strepto- 
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that vre have not observed a reversion of these minute organisms to 
the larger forms of leia hemolidic streptococci. 

rCONCLTTSIONS 

The cultural and biochemical characteristics of a group of minute 
hitherto undescribed beta hemolytic streptococci from human sources 
have been recorded and upon the basis of these cultural reactions it is 
suggested that these organisms may represent nevr species of the genus 
streptococcus. 

We wish to thank Drs. David and Beatrice C. Seegal for their kind- 
ness in securing for us the numbered cultures used in our investigations. 
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STUDIES UPON MINUTE HEMOLYTIC STREPTOCOCCI 

n. The DlSTRTBtTTION OE IvIlNXTTE HeMOLYTIC STREPTOCOCCI IN 
Normal and Diseased Human Beings* 

By PERRIN H. LONG, M.D., ELEANOR A. BLISS, Sc.D., act CHARLES 

F. WALCOTT, ]M.D. 

(Frm the Deparimeni of Mcdidne, The Johns Hopkins University, Baltimore^ 

(Received for publication, July 20, 1934) 

In an accompanying communication (1) we have described the 
primary isolation and the cultural characteristics of a hitherto tmde- 
scribed group of minute beta hemolytic streptococci- In this report, 
we shall discuss the occurrence of these organisms and that of ordinary 
beta hemolytic streptococci in the throats of normal and diseased 
human beings. 

Methods 

The technique of obtaining throat cultures and the methods of primary isola- 
tion already described (1) were followed in this study, save in the case of those 
cultures obtained from the throats of individuals ill with scarlet fever or septic 
sore throaL The throat swabs from these patients were shaken in 3 cc. of sterile 
ph>"siological saline instead of the usual 1 ca 

The period of time covered by this study dates from Alarch 29, 1933, until 
June 12, 1934, 80 per cent of the cultures being taken between October 1, 1933, 
and April 8, 1934, All of the cultures from normal individuak were obtained 
during the first 3 months of 1934, that is, during the period of the year in which 
the incidence of ordinary' beta hemoK'tic streptococci is at a high level in Balti- 
more (2). With the exception of the group of patients ill with glomerular nephri- 
tis and a special group of 40 normal individuals, almost all of the cultures were 
single. Many of the individuals in the nephritic group were swabbed repeatedly 
at weekly intervals, and in order to have results from a similar group of normal 
subjects we swabbed 40 individuals once a week for a 12 week period. 

Ch’er 75 per cent of the throats were swabbed by one individual and when it was 
possible the cultural results were checked independently by two of us. Repeatedly 
we have obtained cultures containing the minute organisms when routine throat 

♦ Read by title before the 26th Annual Meeting of the American Societj' for 
Clinical Investigation, Atlantic City, April 30, 1934. 
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Incidence of Bela Hemolytic Streptococci and oj Minute Beta Hemolytic Strepto- 
cocci in the Throats of 40 Normal Individuals as Determined by Weekly Throat 
Cultures during a Period of 12 
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tic streptococci. As no attempt was made in this series of patients 
to correlate the degree of activity of the rheumatic process with the 
time of the throat cultures, the relatively high incidence of the minute 
hemolytic streptococci is of interest. 

Our final studies were made upon a group of 61 individuals who 
either had had glomerular nephritis and had recovered or who were 
suffering from either acute, latent or progressive glomerular nephritis 
at the time the investigations upon their throat flora were conducted. 
Of the 61 individuals 19 were considered as being well and in this 
group minute streptococci were found once in each of 2 individuals, 
while ordinary hemolytic streptococci were foimd in 9 individuals in 
this group. 

Table m shows the results of 274 throat cultures obtained from 
42 individuals who have been under observation because of the pres- 
ence of an acute, latent or progressive glomerular nephritis during the 
past 14 months- From these 42 individuals we have secured 108 (36 
per cent) cultures which were positive for minute streptococci and 103 
(34 per cent) cultures which showed ordinary htla hemolytic strepto- 
cocci. The minute streptococci were found in 33 (79 per cent) of the 
members of this group, and in 14 (33 per cent) of the patients they 
were the only hemol 3 rtic streptococci isolated during the period of 
investigation. Ordinary hela hemolytic streptococci were found alone 
in 4 (10 per cent) members of this group, while 19 (45 per cent) indi- 
viduals showed both organisms in their throat cultures at various 
times during the period of study. In 5 (12 per cent) individuals 
neither representative of the hemolytic streptococcus group was found 
during the course of out investigation. 

DISCUSSION 

Minute hemolytic streptococci were infrequently isolated from the 
throats of a large group of normal individuals, from whose throats only 
single cultures were taken. However in a smaller group of normal 
individuals in whom an investigation of the throat flora was made at 
weekly interv^als over a period of 3 months, the organisms were foimd 
to occur more frequently although their incidence was considerably 
lower than that of the ordinary' beta hemolytic streptococcus. 

In individuals who were suffering from a variety' of chronic diseases 
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not significantly vary from the incidence foimd in normal human 
beings. 

5, Minute bela hemolytic streptococci were found in the throats of 
33 out of 42 patients iU with glomerular nephritis and in 25 out of 
59 patients who were suffering from the various manifestations of 
rheumatic fever. 

6. In glomerular nephritis and rheumatic infection the minute beta 
hemolytic streptococci were isolated from the throats of more patients 
than were the ordinary beta hemolytic streptococci. 
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CHEmCAL STUDIES ^ON BACTERIAL AGGLUTINATION* 

I. A iMxTHOD 

By MCHAEL HEIDELBERGER, Ph.D,, A^^) UJVJN A. KABAT 

(From the Departme?it of Medicine, College of Physicians and Surgeons, Columbia 
University, and the Presbyterian Hospital, Nrdf York) 

(Received for publication, September 5, 1934) 

Analytical methods in imm unology have rarely approached in 
accuracy the procedures which the chemist is willing to consider as 
quantitative analyses. . This has been due in great measure to the 
lack of knowledge of the nature of the materials between which immxme 
reactions take place, so that it has been necessary to consider only 
‘^units” of reactivity and to arrive at some conclusion regarding these 
by dilution methods. The failure to use calibrated pipettes and the 
uncertainty as to whether the final reading should be, for example, 
q- or ±, render methods of this type subject to very large errors 
which are increased in the case of bacterial agglutination by uncertain 
methods of standardising the cell suspensions. 

In recent years a mass of evidence has accumulated which can 
be satisfactorily interpreted only on the basis that imm une reactions 
are chenucal reactions. The chemistry of the components of these re- 
actions, namely antigens or haptens on the one hand, and antibodies 
on the other, is now much more fully understood. 'VSTiile few of 
these substances have been isolated in a state of absolute purity, 
enough is known to permit the formulation of methods which fulfill 
the requirements of quantitative analytical chemistry and allow the 
expression of the result not merely in relative terms but in actual 
mass units such as grams per liter, or in milligrams per cubic centi- 
meter. The validity of these methods rests on the assumption that 
antibody is actually protein. The e\ddence for this assumption has 
been re\dewed elsewhere (1, 2). 

* The work reported in this communication was carried out under the Hark- 
ness Research Fund of the Presb\"terian Hospital. 
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tion respectively with T>’pe II pneumococcus specific polysaccharide and with C 
polysaccharide and protein derived from Tj-pe I R pneumococci. The other im- 
mune horse serum used was a Type I antipneumococcus serum kindly furnished 
by Dr. William H. Park of the Nevr York Citj' Department of Health laboratories. 
It was freed as completely as possible from antiprotein and anti-C as above, ex- 
cept that C substance derived from Type HI was used. The remaining Type I 
anticarbohydrate in each serum was then purified according to Felton (10). 
The resulting antibody solutions were designated as B 75 and B 76 respectively. 

J. Analytical Procedure . — A number of determinations may be run at one 
time. From 0.5 to 2.0 cc. of serum, depending on the potency of the serum, are 
added in duplicate from calibrated pipettes to Wassermann tubes. 2 to 3 cc. 
of the uniformly mixed bacterial suspension are added to each sample from a 
calibrated pipette. Blanks containing the bacterial suspension and saline instead 
of serum are set up at the same time, as is also a salt control consisting of serum 
plus salt with no addition of bacteria. The contents of the tubes are then thor- 
oughly mix ed by repeatedly drawing the finger-tips rapidly and diagonally down 
the sides of the tubes. The tubes are placed in the water bath at 37° for 2 hours 
and then in the ice box overnight, or the experiment may be conducted entirely 
at 0° and left for 24 or, better, 48 hours, with occasional mixing. Visible agglu- 
tination usually occurs immediately if the serum is fairly strong, and if any 
agglutinin is present, the serum tubes should appear more turbid than the blanks. 
If the bacteria flocculate, the contents of the tubes are gentlj’ mixed as above 
every 15 or 20 minutes while in the water bath to aid in the establishment of 
eqiiilibrium. After standing overnight the tubes are centrifuged in the refrig- 
erating centrifuge- at 2,000 The blanks in some instances were nm at 

2,800 iLP.ir. in a small Swedish angle centrifuge^ placed in the ice box and in 
other cases at 2,800 E.p. 11 . at room temperature, since the unagglutinated organ- 
isms were more difficult to centrifuge down tightly. The supernatants are com- 
pletely decanted and the tubes allowed to drain provided the deposit shows no 
tendency' to run down the sides. In many instances, particularly^ in the case of 
the blanks, repeated centrifugation is necessary- to obtain a well packed deposit 
of bacteria. If purified antibody solutions are used aliquot portions of the super- 
natants may be analyzed for nitrogen by the micro-Kjeldahl method and the 
\’alue obtained subtracted from the total nitrogen of the antibody solution as an 
additional check. 

After draining the tubes are placed in ice water. 0.5 cc. of cold saline is added 
to each and the precipitates are well broken up and resuspended. The tubes 
are then rinsed do\sTi with 2.5 cc. of cold saline and the contents again mixed. 
The tubes are allowed to stand in ice water for hour and centrifuged again in 
the cold. The supernatants are again decanted, the tubes drained and the pre- 


“ ^fanufactured by the International Equipment Co., Boston. 
* Supplied by the Standard Sdentific Supply Co., Xew York. 
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BACTERIAL AGGLUTINATION. I 


Data already published in the preliminary note (9) are omitted. With one or 
two exceptions each nitrogen value represents the average of duplicate deter- 
minations, The precision of the method is such that duplicates usuall}'’ agree 
witlnn 0,05 cc. of n/ 70 HCl or 0.01 mg. of N. The agreement of agglutinin N 
as calculated from analyses both of precipitate and supernatant eliminates the 
possibility of errors in wasliing the precipitates such as incomplete removal of 
non-specific N or loss of bacterial sediment. Analyses of the entire second wash- 
ings in experiments with horse Serum 610 in which 60 or 70 mg. of non-specific 
protein were originally present yielded values of 0.00 and 0.01 mg. N, showing 
that two washings are adequate, as in the precipitin reaction. A determination 
using a suspension of pneumococci and an anti-egg albumin serum gave recover}^ 
of only the bacterial nitrogen (c/. 9), again showing that non-specific protein is 
not held back. If a value for agglutinin N/cc. is given in the table, the antibody 
was complete^ removed, as shown by an analysis of the supernatant with a 
further addition of bacteria. This was, however, omitted in the experiments 
with 3.0 cc. of Suspension D, since the excess of pneumococci was large and the 
results agreed with previous total antibody N determinations on the same solution. 

The effects of making the anal^'-ses at different temperatures and dilutions are 
shown in the experiments with Suspension D and antibod}’’ Solution B 75. The 
first two sets of analyses show that, in the region of excess antibody, reaction is 
not complete in 24 hours at 0°, while the remaining analyses indicate that, pro- 
vided antigen be present in excess, maximum figures for antibody N may be ob- 
tained at 0° (possibly using a longer period of interaction than 24 hours) as well as 
under the ordinary conditions. As for dilution, the values obtained in any one 
series of experiments, while scarcely varying outside of the range of accuracy of 
the method, might be taken to indicate that 0.01 to 0.03 mg. of antibody N may 
be lost if the analysis is not carried out in as small a volume as possible. As a 
result of these experiments the standard conditions for the determination of 
agglutinin N adopted in this laborator}’^ involve the use of low dilutions and 
interaction of the components at 0° for 48 hours. It will be noticed from Table I, 
however, that antibody Solution B 76 gave the same results at 37® and 0®, and 
at 0® for 24 and 48 hours, assuming all antibody to have been removed after the 
second absorption.® 

In Table II are given data obtained in the reaction between Pneumococcus 
I S suspensions and horse and rabbit antisera of homologous t3i)c« The horse 
serum was the one from which antibody Solution B 76 (Tables I and III) was pre- 
pared. Rabbit Serum 252 in the raw state (A) contained complement, although 
much less than the guinea pig sera ordinarily used. After inactivation in a stop- 
pered tube for 45 minutes at 56° (B) the agglutinin content for Pneumococcus 
I S organisms was unchanged, indicating that absorption of a small amount of 
complement, as in the A series, does not increase the amount of nitrogen precipi- 
tated within the limit of accuracy of the method used. An attempt will be made 
to repeat this experiment with sera of higher complement content. 


® Later experiments have justified this assumption. 
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It will be noted that repeated absorptions of the rabbit sera are necessary in 
order to remove all the agglutinin. These sera were not absorbed with pneumo- 
coccus C substance or protein or R organisms, so that it is possible that the 


TABLE n 

Aggluiwatioii of Pneumococcus I S {Da-wson “M”) SiispCTismis in Homologous 
Horse (H) and Rabbit (R) Antisera 







Analyses on agglutinated 
bacteria 
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1 
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2.5 cc. supernatant 
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1 0.07, corrected for aliquot taken. 
X 0.04, corrected for aliquot taken. 
§ 0.03, corrected for aHquot taken. 


smaU amounts of agglu^ N remaining after the initial agglutination are due 
to anti-C and antiprotein in the sera. 

In Table III are gi%xn data for the agglutination of Pneumococcus I and IT R 
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(Dawson suspensions in homologous rabbit antisera and horse serum and 
antibody solutions. Although the antibody solutions were prepared from horse 
sera absorbed with C substance and pneumococcus protein until no further pre- 
dpitates could be obtained they still contained considerable agglutinin for the R 
organisms. Probably the pneumococcus protein-antiprotein complexes are highly 
dissociated. They would therefore be incompletely predpitated, but could be 
removed more completely by successive portions of solid antigens such as Pneu- 
mococcus R organisms. 

Noteworthy also is the greater amount of agglutinin nitrogen removed 
from Serum R 176 by the homologous 11 R organisms than by the I R cells. 
Since the serum gave no predpitate with T>T)e U pneumococcus specific 
polysaccharide, it is probable that the difference, 0,11 mg. of agglutinin N per 
cc., was not due to any T^-pe 11 specific polysaccharide in the cells and anti- 
polysaccharide in the serum. If this be correct, further work must be done to 
determine whether the discrepancy' is due to differences in the proteins of the 
organisms which have escaped detection by the qualitative methods hitherto 
used, or whether some other cause is operative. 

DISCUSSION 

The validity of methods such as the present one has been challenged 
by Topley (12) in the case of the precipitin reaction since they are not 
based on the optimal proportions prindple (13), The writers are 
unable to accept the optimal proportions method as a standard for 
the following reasons: (1) in a precipitation or agglutination reaction 
the factors influendng the velodty are imperfect^ tmderstood; (2) 
the position of the flocculation optimum is not independent of the 
dilution and varies whether the antigen or antibody be diluted; (3) 
in neither case is the optimum at the point of antibody exhaustion (13, 
14), so that the method gives no information as to the actual agglutinin 
or precipitin content of a serum. With these limitations the optimal 
proportions method serves as a convenient one for the comparison 
of sera when only approximate, relative values are desired, but it 
becomes extremely cumbersome when attempts are made to endow 
it with quantitative significance (^. 15, 16). 

The present method is simple and convenient in the case of Pneu- 
mococcus S (Dawson ‘‘SI”) organisms, but is more exacting and 
difficult in the case of R (Dawson “S’’) organisms, since these do not 
centrifuge as well. It affords an exact analy^cal determination of 
the total amount of agglutinin present in absolute, not relative terms, 
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detennination, described in the present commtmication, is, however, 
free from misleading implications of this nature, 

SUIQIARY 

1. A method, conforming to the criteria of quantitative analytical 
chemistry, is described for the estimation of the agglutinin content 
of antisera. Examples are given of the application of the method to 
various antipneumococcus sera. 

2. This new, absolute method is discussed with regard to its re- 
lation to the commonly used relative methods, 
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the protection afforded by vaccination against 

SECONDARY INVADERS DURING COLDS IN INFANCY 
By YALE KNEELAND, Jr,, M.D. 

{From the Dcpariviait of Medicine^ College of Physiciafts and SurgeoTis^ Columbia 
University, and the Presbyterian Hospital, Nro) York) 

(Received for publication, July 27, 1934) 

Studies of the mechanism of epidemic respiratory diseases in a con- 
centrated infant population^ previously reported (1) have indicated 
that the etiology of these disorders may be a complex one. It has 
been noted that respiratory infection occurring in the autumn, when 
the carrier rate of pathogenic bacteria is low, usually takes the form 
of a minor disturbance of the type of the common cold. Later on, 
in the winter months, when a widespread dissemination of pathogenic 
bacteria takes place in certain groups of infants, an outbreak of infec- 
tions in these groups takes on a more serious character. The majority 
of these infections present two features in common, fever and consti- 
tutional reaction; thus they are no longer designated as colds, but 
rather as grippe, pharyngitis, otitis media, bronchitis, or pneumonia, 
depending on the region principally involved. During the past few 
years it has been established that there exists in adults suffering from 
the common cold (2-5) a t^’pical filtrable virus. There is every reason 
to suppose that this virus is equally pathogenic for infants. It has 
therefore been possible to construct an h 3 rpothesis as to the mechanism 
of development of epidemic respiratory diseases in infants: the filtra- 
ble virus alone produces the mild autumnal disturbance, the common 
cold; later on, when the carrier rate of pathogenic organisms becomes 
very high, it acts as an initiating agent which permits these bacteria 
to produce more severe infections. 

Because of the existence of this filtrable virus, it is illogical to sup- 
pose that vaccination of adults with the bacteria of the upper respira- 

^ These studies were made at The Home for Hebrew Infants in New York 
City through the courtesy of the late Dr. Alfred F. Hess and other members 
of the staff. 
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control. The average age of each at the beginning of the observation period was 
6.4 months. Starting in the latter part of October, 1932, a course of nine subcu- 
taneous injections of the vaccine was administered to the first group. The initi a l 
dose of organisms was 45 million, the final dose 750 million. The proportion of 
pneumococcus to H. influenzae to streptococcus in each mixture was 5:3:3 
approximately. Early in February a second course of seven weehly injections 
was administered to the treated group. The initial dose in this course was 190 
million, the final dose 1000 million. 

Some local redness and induration were produced by the larger doses of vac- 
cine. No febrile or constitutional reaction was ever observed. It is to be noted 
that the administration of vaccine was always omitted if the infant had a febrile 
respiratory infection at the time; in this way, three members of the vaccinated 
group missed nearly all of the second course. They were not excluded, however, 
on this account from the tabulation of the clinical history of the group. 

RESULTS 

The two groups showed no significant difference in the incidence 
of minor respiratory infection of the type of the common cold. 

The experience of each group in regard to the febrile forms of 
respiratory disease is graphically indicated in Chart 1. In this chart 
is gjven the total number of days of temperature over 100^ due to 
respiratory disease for each month in the two groups. It will be 
observed that there was very little febrile infection during October. 
In November, half way through the first course of vaccine, the two 
groups fared almost identically- In December, also, the difference 
was slight. By January, however, there was a striking difference 
between the vaccinated and the control, the latter showing three times 
as many days of fever as the former. The peak of respiratory- disease 
was reached in February, and in this month — ^half way through the 
second course — will be seen that the difference between the groups 
is less marked, for the vaccinated infants showed more than half as 
many febrile days as the controls. There is a falling off for both 
groups in March, but it is to be obser\^ed that while this decline con- 
tinues in the vaccinated group during April, it does not do so in the 
control. In May, both fell to their original low level. 

The actual number of individual respiratory- infections of all types 
per child— 5.4 in the vaccinated, and 5.8 in the control— was almost 
the same in the two groups. The difference in severitv-, however, is 
further illustrated by the incidence of pneumonia; there were five cases 
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among the controls as opposed to two in the vaccinated, and of the 
latter one case occurred when the first course of vaccination was only- 
half completed. 

In spite of the fact that the N. Y. 5 strain of scarlatinal strepto- 



Och Nov. Dec. Jan. Feb. Man Apr. May 

Chart 1 


coccus was included in the vaccine, two of the vaccinated children 
developed scarlet fever, as well as one control. There was evidence, 
however, that the causative streptococcus of this outbreak was an 
atypical one. 

DISCUSSION 

The data obtained in this experiment give evidence that vaccina- 
tion of infants against certain bacteria of the upper respiratory tract 
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modifies in degree the subsequent respiratory^ disease which these 
infants will imdergo. There is no alteration in the number of acute 
infections, and no change in the simple catarrhal infections of the 
upper respiratory tract. There is, however, a significant alteration 
in the severity of respiratory infection, as measured by the number 
of days of fever that occur. The age group selected for study was 
the one in which our experience indicated that the greatest incidence 
and severity of respiratory infection might be expected during the 
winter months. Even in this age group which, in institutions, invaria- 
bly shows so high a susceptibility to epidemic respiratory disease, 
vaccination with common pathogens is effective in reducing the 
severity of these epidemics. The interest here lies chiefly in such 
light as is thrown on the mechanism of epidemic respiratory disease. 
Earlier in this report an hypothesis was put forth that the character 
of certain winter outbreaks of grippe, etc., is determined by the pres- 
ence of a widespread carrier state of ordinary pathogenic bacteria; the 
study herein described would seem to lend additional support to this 
hypothesis, inasmuch as vaccination with these pathogens has been 
foimd to modify significantly the severity of these outbreaks. 

Certain other features of these results are worthy of brief comment. 
A study of the curve given in Chart 1 would seem to indicate that 
immunity in these infants did not manifest itself until a rather large 
amoimt of vaccine had been administered. It would also appear that 
the immunity finally engendered did not last much more than 2 
months. 

With the increasing data now available as to the frequency of the 
various newly identified types of pneumococcus carried in infancy, it 
seems probable that more striking results would have been obtained 
by the use of a vaccine containing these types instead of Type I. 

SUMMARY AKB CONCLUSIONS 

An intensive course of vaccination with the pathogenic bacteria of 
the upper respiratory tract modified favorably the winter outbreak 
of severe respiratory disease in an infant population. The incidence 
of the common cold was not affected. 

The significance of these findings is discussed. 
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hemorrhages in skin lesions of guinea pigs 

FOLLOWING INTRAVASCULAR INJECTION OF 
TOXINS (SHWARTZMAN PHENOMENON) 

By JULES FREUND, M.D. 

{From the Department of Pathology, Cornell University Medical College, Neiv York) 

(Received for publication, August 1, 1934^ 

In 1924 Sanarelli (1) reported that rabbits infected vrith cholera \dbrios react 
to B. coli or B, proteiis in a way entirely different from that of normal rabbits. 
In a study on the virulence of cholera vibrios Sanarelli observed that in every 
large group of rabbits a few would die from the injection of minute doses, much 
smaller than the dose lethal for most rabbits. The s^miptoms resembled anaphy- 
lactic shock. In order to explain the mechanism of this phenomenon, Sanarelli 
studied the fate of cholera vibrios injected into the circulation. He foimd that 
the cholera vibrios disappeared from the blood stream within 2 daj’s after their 
injection. But he also obser\’^ed that in the rabbits which succumbed following 
the injection of sublethal doses, B. coli or proteiis bacilli would in\’ade the blood 
stream. Sanarelli now injected rabbits intravenously with minute doses of 
cholera vibrios and on the following day gave an intravenous injection of either 
cholera vibrios or of colon or proteus badlii. Almost all of the rabbits died within 
from a few hours to 2 days after the second injection. The symptoms and path- 
ological findings were the same for all three kinds of bacteria. Evidently the 
first injection of cholera vibrios prepared the rabbits, made them susceptible to 
a second, the injuiy'-producing,* injection of bacteria that by themselves were 
harmless. 

In 1927 Shwartzman (2) reported his observations on the local skin reacti%dty 
to filtrates of B. typhosus cultures. He injected these filtrates into the skin of 
rabbits and introduced the same material 24 hours later into an ear vein. In the 
skin at the site of the injection a severe hemorrhagic necrosis appeared from 4 to 
5 hours after the second injection. The intensity' of the hemorrhagic necrosis did 


1 The “preparatoiy*^ factor is the first, the intracutaneous, injection of toxin. 
The “injur>*-producing” factor is the second, the intra\’ascular, injection of toxin. 
The terms “preparatory'” and “injur\’-produdng” factors or agents suggest that 
the preparatory factor docs not cause injury. The experiments of Hanger and 
those reported in the present paper, however, show that the production of injury' 
is essential in the action of the preparatory' factor. These terms are employed in 
this publication because they are generally used in the literature. 
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probable that the inflamm ation produced by tuberculin in the hyper- 
sensitive tissue rather than products of the tubercle bacillus per se 
prepared the skin for the action of the typhoid toxin introduced into 
the blood stream. 

In connection with this observation, the question arises whether 
injury produced by substances other than tuberculin would prepare 
the skin in guinea pigs. We have studied the action of various anti- 
genic and non-antigenic substances, first of all that of horse serum in 
the sensitiEed guinea pig. It is interesting to compare from this point 
of \dew the tuberculin reaction with the Arthus phenomenon, for these 
two specific inflammations are different from each other in many 
respects. 

The tuberculin reaction in guinea pigs is a "delayed” reaction (Zinsser (8)). 
It appears later than 12 hours and reaches its roaxinium usually only in 4S hours 
after the injection. In addition to redness and edema, sometimes purple dis- 
coloration is seen and the reaction often becomes necrotic. It cannot be trans- 
ferred passively. In contrast to the tuberculin reaction, the reaction to horse 
serum (or to other proteins) is "immediate” (Zinsser), It appears vrithin 2 hours 
after the injection and reaches its maximum often within 24 hours. It is charac- 
terized by redness and edema, purple discoloration and necrosis being conspicu- 
ously absent. It can be transferred with immune serum rich in predpitins. 
Zinsser pointed out that the two t^-pes of skin reaction, immediate and delayed, 
can be distinguished in the guinea pig but not in the rabbit. 

We sensitised five guinea pigs to horse serum by injecting 0.1 cc. 
of horse serum into the subcutaneous tissue three times, 3 daj^'S 
apart. The guinea pigs were tested several times with various dilu- 
tions of horse serum. 1 day after the injections of 0.1 and 0.01 cc. of 
horse serum, redness and swelling was noted at the sites of the skin 
tests. Hemorrhage was not produced in any of the guinea pigs by the 
intracardial injection of t>q)hoid filtrate. In guinea pigs sensitized to 
horse scrum, therefore, the spedfic inflammation in the skin did not 
act as a preparatory factor. 

The Ejjccl of Intravascular Injection of Typhoid Toxins upon the 
Inflanwiafion Caused by Diphtheria Toxin 

The inflammation that is produced by diphtheria toxin injected 
into the skin and the tuberculin reaction are similar in many aspects. 
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Both reactions develop slowly, reach their maximum after 2 days, and 
may be hemorrhagic and necrotic. This similarity suggested that 
diphtheria toxin might act as a skin preparatory agent. 


TABLE I 

Diphtheria Toxin as Skin Preparatory Agent in the Guinea Pig 


Guinea pig No, , 

Preparaton’* agent, 
0.1 cc. dii^nthcria 
toxin 

Injurj'-producing 
agent, typhoid toxin 

Hemorrhagic reaction 


■■■i 

ce. 


1 


1 

Present 

2 

1:250 

1:500 

0.5 


3 

1:400 

1:800 

1 

Absent 

4 

1:400 

1:800 

0.5 

it 

5 

1:400 

1:800 

0 

Hemorrhagic before injection of 
typhoid toxin 

6 

mm 

1.5 

Hemorrhage increased after the 
injection of typhoid toxin 

7 

■■ 

1.5 

Present 


1:1,000 



8 

1:5,000 

1:25,000 

1 

Absent 


1:1,000 



9 

1 

1:5,000 

1:25,000 

1 

if 


In the experiments vnth diphtheria toxin, nine guinea pigs were employed. 
The strength of this diphtheria toxin® was 0.0016 cc. 1 m.l.d., 0.15 cc. l+ dose. 
The dilutions of diphtheria toxin ranged from 1:250 to 1:25,000. Eight of the 


“ Obtained through the courtesy of Dr. J. Rcicliel of the H. K. Mulford Co. 
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guinea pigs received intracardial injections of a tj'plioid filtrate 1 day after the 
intracutaneous injections of diphtheria toxinj one of the guinea pigs was injected 
with diphtheria toxin alone. 

Table I shows that in two guinea pigs, Nos. 5 and 6, the reactions 
to the toxin were hemorrhagic, even without the subsequent injection 
of a bacterial filtrate. One of these two animals. No. 6, reacted with 
an increase of hemorrhage after the intracardial injection of typhoid 
filtrate. The other seven guinea pigs showed no purple discoloration 
1 day after the injection of diphtheria toxin. ’ttTien the guinea pigs 
received intracardial injections of from 0.5 to 1.5 cc. of typhoid filtrate, 
four of six of those prepared with toxin dilutions varying from 1:250 
to 1:750, and none of those injected with toxin dilutions from 1:1,000 
to 1 : 25,000, reacted with hemorrhage. Diphtheria toxia in the guinea 
pig acts as a skin preparatory factor. 

Ttirpeniine^ Broth, and Silver Nitrate as Preparatory Factors 

Three sterile inflammatory irritants, namely turpentine, concen- 
trated broth, and silver nitrate, non-antigenic in nature, were exam- 
ined as to their capacity to act as skin preparatory agents. 

A 5 per cent solution of turpentine in paraffin oil was injected into the skin of 
nine guinea pigs . On the day following the inj ections redness, edema, and necrosis 
were found in all of them. The site of infiammation did not become hemorrhagic 
after the intracardial injection of typhoid filtrate. 

Negative results were also obtained in experiments with glycerine 
broth control for tuberoalin. This material is prepared by evaporat- 
ing the glycerine broth used for growing tubercle bacilli to one-tenth of 
its original volume. Four guinea pigs were injected intracutaneously 
with various dilutions of glycerine broth control. No hemorrhage 
was observed after the injection of bacterial filtrate. The observa- 
tions with turpentine and broth are in harmony with those of Hanger 
and Shwartzman, in rabbits. 

Four control guinea pigs received only intracutaneous injections of silver 
nitrate solutions. At the site of the injections, gray-green necrosis, surrounded 
by redness and edema, was observ^ed on the following 2 da\-s. In one of the four 
ammals the area of necrosis was bordered by a sharply defined line of hemorrhage 
0.5 mm. wide. The hemorrhagic line appeared 1 day after the injection of silver 
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nitrate and did not inaease in size during the foUovring day. Ten guinea pigs 
^’ere injected intracutaneously \cith 0.1 cc. of various dilutions of silver nitrate 
solution and intracardially with tj-phoid toxin. The guinea pigs reacted at the site 
of injection of silver nitrate with gra 3 "-green necrosis surirounded by redness and 
edema. In one guinea pig the necrotic area was surrounded by a purple band 
2 mm. uide and a subsequent injection of bacterial filtrate increased the hemor- 
rhage. The area of the hemorrhagic reaction in guinea pigs prepared with silver 
nitrate was less extensive than in those prepared with tuberculin or diphtheria 
toxin. In three animals it appeared in the form of a band from 2 to 3 mm. wide, 
surrounding the area of necrosis, but in two other guinea pigs the hemorrhages 
extended over areas of 30 x 30 mm. The injection of tj'phoid filtrate had no 
effect on the skin in four, and very sh'ght effect in one guinea pig. The hemor- 
rhagic reaction was present in the remaining five guinea pigs. Three of these 
animals died following the injection of typhoid filtrate and hemorrhages in the 
spleen and effusion in the peritoneal cavitj' were found (Table 11). 

DISCUSSION 

The experiments described in the present papers show that the condi- 
tions necessary^ for the hemorrhagic reaction, the Shvrartzman phenom- 
enon, are different in the guinea pig and the rabbit. According to our 
experiments which confirm those of Gross (6), but do not support 
entirely the conclusions of Gratia and Linz, bacterial filtrates potent 
in the rabbit are inactive as skin preparatory agents in the guinea pig. 

It was found that the intravascular injection of typhoid toxin 
produced hemorrhage at the site of inflammation caused by diphtheria 
toxin or silver nitrate. Both of these irritants, namely diphtheria 
toxin and silver nitrate, elicit, like tuberculin in tuberoilous guinea 
pigs, hemorrhagic necrosis in the skin of some of the guinea pigs even 
without the subsequent intravascular injection of a bacterial toxin. 
Arthus phenomenon with horse serum, turpentine, or broth did not 
act as a skin preparatory agent. It is notew^orthy that those irritants 
that prepared the skin for the hemorrhagic reaction were capable of 
producing hemorrhages and necrosis in the skin of some of the guinea 
pigs, whereas horse serum (in guinea pigs sensitized to it), tuipentine, 
and broth lacked both the capacity of causing hemorrhage and that of 
acting as skin preparatory' agents. The capacity to elidt hemorrhage 
in the skin without subsequent intravascular injection of a toxic 
substance may be essential for the action of skin preparatory agents. 
The ex-periments with diphtheria toxin and silver nitrate show that 
the skin of guinea pigs can be successfully' prepared for the hemorrhagic 





P"“*ed^aM ”'" *^“’■'>'='3 and ] • 

■ nh ‘o auppo," ..'"“‘“Veal observaH 

LSr”'"“- tI ut e,^ a4 '>= 

^ariyfof?, .y^^^on causes pn • .^^nce inipr^^f-^ the 

'^^ssels, hemor- 

tie aaf T“ 

*■““ -S- /jit r''''^°"“"’'>d iyfcto ''^■"’"■‘i'iphthe • 

““a- edeta i "'«te is i„.-_ . . ®te „/ tie 

""-t nttd “iF «d- 

hemorrhage at th '”?''^''^scular infecr the fufn 

'■ Sanarem, G., ^„„ . , ^^‘‘‘■^OGRApgy 

'Me, "’«, «, 30 , 535 . 



hemorrhages in tuberculous guinea pigs at the 
SITE OF injection OF IRRITANTS FOLLOWING 
INTRAVASCULAR INJECTIONS OF INJURIOUS 
SUBSTANCES (SHWARTZMAN 
PHENOMENON) 

By JULES EREUKD, 

{From the Department of Pathology^ Cornell University Medical College, Nera York) 

(Received for publicationj August 1, 1934) 

In the preceding paper it was reported (1) that the intravascular 
injection of toxins of B, typhosus, B, colt, or meningococcus produced 
hemorrhages or hemorrhagic necrosis in the skin of guinea pigs at the 
site of reaction to diphtheria toxin or silver nitrate. Furthermore, it 
was described that similar injections of toxins failed to cause hemor- 
rhages in the skin of guinea pigs at the site of injections of other irri- 
tants such as horse serum in guinea pigs sensitized to it, or turpentine 
or broth. 

Recently, I have reported very briefly the observation that in a 
tuberculous guinea pig the skin becomes hemorrhagic at the site of 
positive tuberculin tests when products of typhoid bacilli are injected 
intravascularly. The purpose of the present paper is to discuss the 
occurrence of hemorrhagic reactions in tuberculous guinea pigs at the 
site of injection of certain irritants following intravascular injections 
of various injurious substances. 

It is known that tuberculous animals respond to \'ariou6 injurious agents with 
hemorrhage or with hemorrhagic necrosis. Tuberculin injected into the skin 
causes hemorrhagic necrosis in some guinea pigs, particularly when tuberculosis 
is ad\’anced and the animals are highly’ sensitive to tuberculin. Hemorrhages 
occur in organs containing tubercles when tuberculin is introduced in the sub- 
cutaneous tissue or the peritoneal ca\nt>'. Tuberculin injected into the skin may 
produce hemorrhagic necrosis not only in tuberculous guinea pigs, but also in 
guinea pigs sensitized by large amounts of heat-killed tubercle bacilli (2). In 
such guinea pigs the tuberculin reaction is characterized by an extensive area of 
black necrosis and relatively slight edema. Tuberculous guinea pigs respond to 
\*arious injurious substances not related to the tuberde badllus, with hemorrhage 
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or hemorrhagic necrosis more readil}^ than do non-tuberculous guinea pigs. The 
site of hemorrhage may be the skin, that is free of tubercles, or the organs (l^ng, 
spleen, liver) containing tubercles. 

Dienes (3) made interesting observ^ations on the occurrence of hemorrhages 
in skin tests on tuberculous guinea pigs. He studied the systemic reaction to 
egg white in tuberculous guinea pigs sensitized to egg white. He injected from 
10 to 20 mg. of slightly virulent tubercle bacilli into tlie peritoneal cavities of 
guinea pigs. From 3 to 8 days later, he injected 0.1 to 1 mg. of egg white (dry 
weight) into the same site. When from 9 to 10 days after tlie injection, the 
guinea pigs were again injected vith a larger amount of egg white (10 to 30 mg. 
dry weight) they died from 4 to 12 hours after the injection, with s 3 ’mptoms 
resembling tuberculin death. At autopsy, he found hemorrhages in tissues con- 
taining tubercles. If tlie guinea pig lived longer, or survived the shock, he ob- 
served bluish or purple discoloration or hemorrhages in the skin at the site of the 
reaction to egg %Yhite and also at the sites of recently healed w^ounds of operations. 
In several tuberculous guinea pigs, sensitized to egg w’hite, the site of a tuberculin 
reaction became hemorrhagic after tlie injection of egg w^hite, but he could not 
reproduce this observation in tw^o subsequent experiments. 

Paul Bordet (4) studied the effect of B. coR upon guinea pigs infected with a 
non- virulent strain of tubercle bacilli, the Calmette-Guerin bacillus. He injected 
5 mg. of B.C.G. into the peritoneal cavities of guinea pigs. 3 weeks later, after 
the mesenteric lymph nodes had developed tubercles, 10 cc., that is, a large amount 
of a broth culture of colon bacilli, ivere introduced into the peritoneal cavities of 
guinea pigs. Some of the guinea pigs died witliin 1 day after the injection. Hemor- 
rhages were found in tlie enlarged mesenteric l 3 ^mph nodes containing tubercles. 

Not only antigens but simple chemical compounds can produce shock S 3 ’’mp- 
toms and hemorrhages in tuberculous animals. For instance, an amount of 
sanocrysin harmless to non-tuberculous animals ma 3 '^ kill tuberculous ones, and 
cause intense congestion and hemorrhages in organs that contain tubercles (5). 

Efect of the Injection of Bacterial Toxins upon the Tuberculin Reaction 

in the Guinea Pig 

Groups of guinea pigs w^ere infected with either of tlie following strains of 
tubercle bacilli: (1) bovine (Ravenel); (2) human (Ai D), Ps; (3) B.C.G. The 
amount of tubercle bacilli was varied: of the strain Ravenel, 0,01 mg,; of Ai D, 
2.5 mg.; of Ps, 0,001 or 0.005 mg.; and of B.C.G., 5 mg. w^ere used for infecting tlie 
guinea pigs. The guinea pigs w^ere skin tested w’itli old tuberculin from 6 wrecks 
to 6 months after the infection. The old tuberculin w’as injected into the skin in 
dilutions of from 1 : 15 to 1 : 500. The bacterial filtrates, potent in tlie Shw’artzman 
phenomenon, were injected from 18 to 48 hours after the injection of old tuberculin 
either intracardiall 3 ^ or intravenoush^ or intraperitoneall 3 ’, or subcutaneousl>% 
The intracardial or intravenous injections w’ere made under light ether anesthesia. 
The bacterial filtrates were prepared by growing the culture on infusion agar in 
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KoUe flasks. The agar was seeded with 3 to 4 cc. (diluted 1 with saline immedi- 
ately before planting) of a 20 hour plain broth culture. The growth was washed 
ofi with 14 to 16 cc. of normal saline solution cont a i n i n g 0.4 per cent phenol. The 
washings were pooled and centrifuged within 2 hours. The supernatant fluid was 
filtered through Berkefeld N or a Seitz filter. (See also the description of pro- 
cedure by Shwartzman (6).) Bouillon cultures of B, colij incubated for 6 to 10 
days and filtered through a Seitz filter, were found potent and used in some of the 
experiments. 

The following strains were used for preparing bacterial filtrates: (1) B, iyplwsiis 
T.L., (2) B, coUf both obtained from Dr. Shwartzman, and (3) a strain of B. coJi 


TABLE I 

The Hemorrhage-Producing Effect of an Injection of Typhoid Toxin upon the 
Tuberculin Reaction in Guinea Pigs 


1 

Ko. ol guinea pigs 
employed 

Amount of typhoid 
toenn 

Route of injection 

No, of guinea pigs in vrhich 
hemorrhage 

Occurred 

Did not occur 


cc. 




2 

1 0.25 

Intracardial 


2 

5 

0.50 

« 

3 

! 2 

5 

1.00 


4 

1 

4 

1-00 

Intraperitoneal | 

2 

2 

2 

2.00 

« 

2 

0 

3 

2.00 

Subcutaneous 

1 

2 

1 

3.00 

(( 

1 

0 

1 

4.00 

<c 

1 

0 

1 

5.00 

te 

1 

0 


isolated at New York Hospital. We have also used a filtrate of meningococci 
received from Dr. Shwartzman. The amount of filtrates injected and the route 
of injection are stated in Table I. 

As shown in Table I, when gtiinea pigs infected with bovine or 
human \drulent tuberde bacilli were injected into the skin with 
various dilutions of old tuberculin (from 1:15 to 1:500) and the skin 
tests followed from 1 to 2 days later by an intravascular, intraperito- 
neal, or subcutaneous injection of a filtrate from B. typhosus, the posi- 
tive tuberculin tests became hemorrhagic about 4 hours after the 
injection of the filtrate. 

As a rule general shock s^ptoms were present in guinea pigs injected with 
0.5 cc. or more of the filtrate. Almost immediately after the injection of the 
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In occasional guinea pigs, a purple discoloration appeared at the 
site oi the positive tuberculin reaction vrithout the injection of bacte- 
rial filtrates. If such guinea pigs were injected with the filtrate the 
area of purple discoloration became more extensive. 

In experiments not included in Table I, filtrates from coli and 
meningococci were used with results almost identical with those in 
Table I. 

The question naturally arises whether tuberculin prepares the skin 
by itself or by the reaction it produces in the tuberculous guinea pigs. 

In four normal guinea pigs, the hemorrhagic reaction faOed to occur even when 
low dilutions of tuberculin (from 1 : 2 to 1 : 10) were employed. In the tuberculous 
guinea pigs, hemorrhages were observed at the sites of injections of tuberculin 
that showed definite tuberculin reactions but hemorrhages did not appear at the 
skin sites that were injected with dilutions too high to produce the tuberculin 
reaction. 

These observations show that the inflammation produced in the 
hj’persensitive animal, and not the tuberculin per se, is responsible for 
its preparatory action. 

The Effect of the Injection of Bacterial Products upon the Tuberculin 

Reaction in Rabbits 

It is well known that the tuberculous rabbit like the guinea pig is 
hypersensitive to old tuberctilin injected parenterally. Both tubercu- 
lous rabbits and guinea pigs die with pleural and peritoneal exudation 
and hemorrhages in organs containing tubercles after an injection of 
an amount of old tuberculin apparently harmless to normal animals. 
However, there is a sharp contrast between tuberculous rabbits and 
guinea pigs in regard to the skin test with tuberculin. WTiile the skin 
of tuberculous guinea pigs reacts with inflammation to small amounts 
of tuberculin, and the skin test is used as a delicate test to detect 
tuberculosis in guinea pigs, many tuberculous rabbits do not react at 
all to tuberculin injected into the skin and some of them react slightly. 
The reaction in the rabbit is very' diflerent from that in the guinea pig 
or other animals. It is characterized by redness and slight edema. 
Purple discoloration or necrosis does not occur. It was thought that 
examination of the tuberculin reaction in the rabbit, as a skin prepara- 
tor>- factor, might throw some additional light on the nature of the 
hemorrhagic reactions. 
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Rabbits infected intravenously with bovine tubercle bacilli were injected with 
0.2 cc. of a fivefold dilution of old tuberculin. On the following day they received 
an intravenous injection of 0.5 cc. of t)^phoid filtrate, an amount sufficient to 
produce the hemorrhagic phenomenon in rabbits when the skin is prepared with 
filtrates from t3'phoid or colon bacilli or meningococci. The hemorrhagic reaction 
did not occur in an}^ of eight rabbits so tested. The failure of the tuberculin reac- 
tion to prepare the skin is significant, for the rabbit is very susceptible to the 
hemorrhagic reaction; and in the rabbit, hemorrhages in the organs contaim‘ng 
tubercles occur very regularly after the parenteral injection of old tuberculin. 

These experiments indicate that tuberculin does not elicit a necrotic 
skin reaction in the rabbit and does not act as a preparator}'' agent for 
the hemorrhagic reaction. 

Effect of an Intramscnlar Injection of Typhoid Toxins npon the Arthus 
Fhenomenon in Tuber cidoiis Guinea Pigs 

Since the specific inflammation caused by tuberculin that prepares 
the skin of guinea pigs for the hemorrhagic reaction acts only in tuber- 
culous guinea pigs, it seemed desirable to examine the action of horse 
serum in tuberculous guinea pigs sensitized to horse serum. 

Dienes and Schonheit (7) demonstrated that tuberculosis modifies the h3"per- 
sensitiveness to egg white and horse serum. When guinea pigs are first infected 
with tubercle bacilli, and then injected repeatedly with egg white, the3’ react to 
egg white injected into the skin, not onl3^ with redness and swelling (like non- 
infected guinea pigs sensitized to horse serum), but also with a tuberculin t3"pe of 
reaction; f.e., redness and swelling followed by necrosis. Sometimes the necrosis 
is preceded by a purple discoloration. 

In order to study the Arthus phenomenon modified by tuberculosis 
as a skin preparatory factor in the guinea pig, animals were injected 
either with the Calmette- Guerin bacillus or with bovine strain Ravenel 
and sensitized with horse serum. 

Tuberculous guinea pigs infected with B.C.G. and sensitized to horse serum, 
reacted with a necrotic t3'’pe of inflammation to 0.1 cc. and without necrosis to 
0.01 cc., of horse serum. When the guinea pigs so treated were injected with 
t3^phoid filtrate, the reactions became hemorrhagic or necrotic in all of the guinea 
pigs (Table II). The protocol of one t37)ical experiment follows: Guinea Pig 129 
was injected with 5 mg. of B.C.G. subcutaneousb" into the left groin. 1 week 
later, and twice at intervals of 3 da3’'s, 0.1 cc. of horse serum was injected also 
into the subcutaneous tissue of the left groin. 30 da3^s after the infection, 0.1 cc. 
of horse serum was injected into the skin. The following da3’’, at the site of the 
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injection, redness, edema 45 x 40 x 3 mm., and necrosis 8x8 mm., were observ^ed. 
33 days after the infection, 0.01 cc. of horse serum was injected intracutaneouslj". 
The following day, light redness and edema 40 x 40 x 4 mm. were observed. On 
this day 1 cc. of t>’phoid filtrate was injected into the heart. 4 hours later purple 
discoloration appeared in an area of 18 x 12 mm., and 20 hours later purple dis- 
coloration in an area of 28 x 25 mm. and necrosis in an area of 6 x 2 mm. was 
observed. 

When we compare the Arthus phenomenon in non-tuberculous^ 
and tuberculous (B.C.G.) animals sensitized to horse serum and the 

TABLE n 


Arthus Phenomenon as Preparatory Agent in Tuberculous Guinea Pigs 


Guinea 
pig No. 

Infection before sensitization 
to horse serum 

Necrosis at the 
site of reaction 
to 0.1 cc. of 
horse serum 

Hemorrhage at the 
site of reaction to 
0.01 cc. of horse 
scrum ^ter intra- 
cardial injection of 
t 3 rphoid tojia 

Systemic reaction 

1 

With B.C.G. 

Present 

Present 


2 

tc (t 

(( 

tt 


3 

It ft 

tt 

tt 


4 

tt it 

It 

tt 


5 

With strain Ravenel 

Absent 

tt 

Died in 18 hrs. 

6 

it it it 

tt 

tt 

if if |g if 

7 

it it (( 

Present 

“ 1 


8 

(C it tt 

Absent 

tt 

00 

9 

tt tt (( 

Present 

tt 


10 

tt tt tt 

tt 

tt 


11 

tt tt tt 

Present 

(slight) 

Absent 


12 

tt tt it 

Present 

Present 

if if jg if 


effect of bacterial filtrate upon the Arthus phenomenon in tuberculous 
and non-tub erculous guinea pigs, we find the following differences. 
In the non-tuberculous animals the Arthus phenomenon elicited by 
0.1 cc. of horse serum was characterized by redness and swelling, in 
tuberculous guinea pigs by redness, swelling, and necrosis; the necrosis 
was preceded in some instances by purple discoloration. WTien 0.01 
cc. of horse serum was used for testing the guinea pigs no purple 
discoloration or necrosis occurred in any of the animals. ^^Thile the 
^ See preceding paper. 
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table rn 


Silver Nitrate as Skin Preparatory Agent in Tulerculotts Guinea Pigs 


Guinea pig No ^ Injurj’-prodaang _ 

PS o, O.I cc. silver agent, typh^ Hemorrhagic 

toxin reaction 


Systemic rmctjoa 


1:40 

1:200 

1:1,000 

1:40 

1:200 

1:1,000 

1:100 

1:200 

1 : 1,000 

1:100 

1:200 

1:1,000 

1:100 

1:200 

1:1,000 

1:100 

1:200 

1:1,000 

1:100 

1:200 

1:1,000 


Present 


Absent 


Present 


Died in 24 bis. 


1:100 

1:200 

1:1,000 

1:100 

1:200 

1:1,000 


Absent 
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could be replaced by non-bacterial substances wbicb cause similar 
anaphylactoid symptoms in guinea pigs. For this purpose "we have 
used Witte peptone (8) and soluble starch (9). 

TABIJ; IV 


The. Hemorrhage-Producing Effect of Iniraperitoneal Injedions of Tuberculin upon 
Skill RcacCioiis to Tuberculin 


Guinea pig 'So. 

Preparatory ^ 
agent, tuberculin 
injected into the 
skin 

Injury-producing 
agent, tuberculin 
injected into the 
peritonea! cavity 

Hemorr^gic 

reaction 

Sj'steraic reaction 



cc. 



1 

1:25 

1:100 

1:400 

2 

Present 

Died with tuberculin 
shock 


1:25 


tt 


2 

1:100 

1.5 

Absent 

u tc 


1:400 


1 « 

1 

1 


1:25 


Present 


3 

1:100 

1.25 

Absent 

ti it 


1:400 



* 

1 

1:25 


1 


4 

1:100 i 

1:400 

1 

Present 

u <c 

5 

1:25 

1:100 

1:400 

0.6 

Absent 

Hair ruffled, dyspnea; 
survived 

6 

1:25* 

1:100 

1:400 

0.5 

Present 

Died with tuberculin 
shock 

7 

1:25* 

1:100 

1:400* 

0,3 

Absent 

Hair ruffled, d>:spnea; 
scratching; survived 


* Small areas of purple discoloration which increased after the intraperitoneal 
injection of tuberculin. 


In the experiments with Witte peptone twelve guinea pigs injected with \'milent 
tubercle badlli and five guinea pigs infected with B.C.G. were employed. In 
the guinea pigs of Table V the reactions to tuberculin, diluted 1:50, 1:200, or 









JULES EREUKD 


681 


1 : 1,000, were well defined by redness and edema. In seven guinea pigs there was 
a purple discoloration at the site of the reactions to a 1:50 or 1:200 dilution of 
tuberculin. Within 5 hours after the injection of peptone, the hemorrhagic areas 
increased in size. Hemorrhage occurred after the injection of peptone in all 
animals except one. The occurrence of hemorrhage was more frequent with dilu- 
tions of tuberculin that produced intense inflammation. In some of the guinea 
pigs scratching, dyspnea, spastic movements, and urination were obser\’ed within 
a few minutes after the injection of peptone. One guinea pig died in 5 minutes 


TABLE Xl 

The Effect of Intravascular Infection of Soluble Starch upon the Tuberculin Reaction 


Guinea pig No. 

Preparatory a^ent, 

O.l cc. tubercuHn injected 
into the skin 

Injury-produdns agent, 

10 per cent soluble 
starch 

Hemorrhage after the 
injection of soluble 
starch 

1 

1:50 

1:200 

1:1,000 

cc, 

10 

Present* 

cc 

Absent 

2 

1:50 

1:200 

10 

Present 

Absent 

i 

3 

1:50 I 

1:200 

10 

Present 

Absent 

4 

1:200 

10 

Present 

5 

1:50 

1:200 

10 

<( * 


* A veiy small area of hemorrhage was present before the injection of starch; 
its size increased definitely after the injection of starch. 


and four in from 6 to IS hours after the injection of peptone. At autopsy no 
hemorrhages were found in the organs. This is unlike the findings after the injec- 
tion of U-phoid or B. colt toxins. 

When a simibr experiment was made with five guinea pigs infected with B.C.G., 
only one of them reacted nith increase of hemorrhage at the site of tuberculin 
reaction, after the injection of peptone. 

In the experiments v*ith starch five tuberculous guinea pigs were injected with 
\arious dilutions of tuberculin and later injected intracardially v.ith 10 cc. of 
soluble starch. The starch produced no ob\dous s>Tnptoms except d>*spnea. 
Table VI shows that after the injection of stardi, hemorrhage either increased or 
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This difference between the behavior of the tuberculous and non-tuber- 
culous guinea pigs toward the bacterial filtrate, the injury-producing 
factor, may explain why the same irritant, silver nitrate, acts as a 
preparatory factor in the tuberculous, and fails to act in the normal 
guinea pig. 

As injury-produdng agents, bacterial toxins from B. typJiosiis, B. 
coli, and meningococci were used with consistent success. Of the 
three kinds of filtrates, that from meningococci was the most potent. 
The injury-produdng substance can be effectively introduced by the 
intraperitoneal and subcutaneous routes. 

Since the production of hemorrhage by bacterial filtrates and by 
tuberculin was associated with shock symptoms, peptone and starch, 
which produce symptoms of anaphylactoid shock in the guinea pig, 
were examined as injury-producing factors. Both Witte peptone 
and starch were effective in sublethal doses as injury-producing factors. 
These observations show that substances of non-bacterial origin that 
cause anaphylactoid shock symptoms may produce hemorrhages in the 
skin at the site of the tuberculin reaction. 

After the introduction of injury-producing agents, namely B. coli, 
typhoid, or meningococcus toxins, tuberculin or peptone, a considerable 
number of the guinea pigs died. Large amounts of these substances, 
as might be expected, caused death more frequently than small 
amounts. Regardless of the amount of injury-produdng substance 
injected, the animals that died as a rule had hemorrhages in the gkin 
lesions. It appears therefore that the hemorrhage-producing effect 
of the substances mentioned above is related more dosely to the sys- 
temic reaction than the amounts injected. 

SUMilARV AND CONCLUSIONS 

1. Wien toxic filtrates from cultures of B. coli, B. typhosus, or 
meningococci are injected into the blood stream, peritoneal cavity, 
or subcutaneous tissue of tuberculous guinea pigs, the skin at the site 
of a tuberculin reaction becomes hemorrhagic. The extent of the 
hemorrhage is proportional to the severity of the tuberculin reaction 
demonstrable by tests with various dilutions of tuberculin. 

2. Tuberculin does not prepare the skin of non-tuberculous guinea 
pigs for this hemorrhagic reaction. 



684 


SHWARTZMAN PHENOMENON 


3. Tuberculin does not produce an intense or necrotic inflammation 
in tlie skin of tuberculous rabbits and fails to prepare the skin for the 
hemorrhagic reaction. 

4. Tuberculin injected into the peritoneal cavities of tuberculous 
guinea pigs causes a hemorrhage in the skin at the site of a tuberculin 
reaction. 

5. All guinea pigs infected with B.C.G., and most of those infected 
with a virulent strain of tubercle bacilli, when sensitized to horse serum 
and injected intracutaneously with 0.1 cc. of horse serum, react vnth 
redness, edema, and necrosis; and in some instances the necrosis is 
preceded by hemorrhage. \Vhen horse serum is injected into the skin 
of these guinea pigs in such dilution that only redness and edema result, 
the subsequent intravascular injection of typhoid filtrate produces 
hemorrhage at the site of reaction regularly in those infected with 
B.C.G. and frequently in those infected with a virulent strain. 

6. Filtrates from B. coli, B. typhosus, or meningococci injected into 
the skin of tuberculous guinea pigs do not produce visible inflamma- 
tion. When these injections are followed by intravascular injections 
of the same material hemorrhages do not occur in the skin. 

7. When concentrated broth or turpentine is introduced into the 
skin of tuberculous guinea pigs and later tjqjhoid filtrate is injected 
into the vascular system, hemorrhages do not occur in the skin at the 
site of inflammation. 

8. The majority of guinea pigs that receive an intravascular injec- 
tion of typhoid filtrate react with hemorrhage at the site of the injec- 
tion of the silver nitrate. The incidence of hemorrhagic reaction in 
tuberculous guinea pigs is liigher than in non-tuberculous guinea pigs 
that received similar injections of silver nitrate and typhoid toxin. 

9. In tuberculous guinea pigs the skin can be prepared for the 
hemorrhagic reaction not only by bacterial toxins but also by tuber- 
culin, horse serum, and an inorganic chemical, silver nitrate. 

10. In the guinea pig the skin preparatory agents, i.c. tuberculin 
in the tuberculous guinea pig, diphtheria toxin and silver nitrate in 
both tuberculous and non-tuberculous guinea pigs, tend to produce 
hemorrhages in the skin even without subsequent injection of a toxic 
bacterial product. This property of the skin preparatory agents may 
be essential in their action. 
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11. Hemorriages occur in the skin at the site of tuberculin reaction 
not only after the intravascular injection of bacterial toxins or tuber- 
culin, but also after the injection of substances of non-bacterial origin; 
namely, peptone or soluble starch. 
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Previous reports from this laboratory on the hemacytological 
constitution of the rabbit have been limited to observations on male 
animals. These studies have now been extended to normal females 
and to females presenting various defects referable to constitutional 
(hereditary) or environmental influences. It is the purpose of the 
present paper to present one aspect of these studies; namely, a compar- 
ison of the blood cytology of normal male and female litter mates. 
These comparisons were made in order to determine whether there 
were statistically significant differences between values obtained for 
any of the blood cells of the two sexes. Furthermore, correlation 
coeffidents were calculated with the purpose of disclosing to what 
extent a knowledge of the blood cytolog>^ of a buck was relevant 
information concerning the blood cytolog>" of a litter mate sister. 

Material and Methods 

Observ'ations were made on the blood cj-tologj* of 41 pairs of normal rabbits, 
each pair consisting of a buck and a doe of the same litter; an analysis of these 
observ'ations forms the basis of the present report. 

Animal Material . — ^AU animals were bred and raised in thi<; laboratory', and 
all were bred in pure line from standard stock with the exception of three pairs 
of Rexes. These were obtained by a back-cross mating of an Fi Rex to a pure 
line Rex parent and were of normal Rex ty'pe. The breeds and the number of 
animals in each breed were as follows: Ha\’ana 7 ; Dutch and Rex 6; Himala\*an 
and Beveren 4; English, Chinchilla, and Belgian 3; Polish and Silver 2; Tan 1. 
All the rabbits were wgin stock and gave no eWdcnce of disease as determined bv 
careful clinical examination. The age ranged from a minimum of 16.0 weeks to a 
maximum of 37,8 weeks, with a mean \‘aluc of 26.0 0.59 weeks. 

Bousing and Fceding.—liht buck and doe comprising a pair were weaned at 

6S7 
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the same time and housed in separate cages in well ventilated rooms receiving sun- 
light. The uniform diet fed to all animals consisted of a commercial food supple- 
mented with hay, oats, and a free suppl}^ of water. 

Blood Examinations , — ^The technique of the blood examinations was, with 
minor modifications, that employed in this laboratory for several 3 'ears. Total 
red cell and white cell counts were made with automatic, standardized pipettes, 
the hemoglobin estimations were made with a Newcomer hcmoglobinometer, and 
platelet counts were determined b}’' the metliod of Casc\" and Hehner (1), Two 
white blood pipettes were employed at each bleeding. For the differential white 
cell examinations the supravital, neutral red technique was followed and 300 cells 
were counted at each determination. When two obsen^ers examined the smears, 
each counted 150 cells on two different preparations, and when three individuals 
conducted tlie examinations, two counted 100 cells on two different smears and the 
third counted 50 cells on eacli of the same two preparations. All of the total 
white and red cell counts and the hemoglobin determinations were made hy a single 
individual. Three complete blood examinations were conducted on each animal, 
and with five exceptions tliese were made on three successive mornings; for tlie 
five pairs of animals, the spread of tlie tliree examinations was over a period of 5 
dviys. Twenty-two pairs were counted from October 14 to November 5, 1932, 
and tlie remaining nineteen pairs were examined during tlie period from October 3 
to October 26, 1933. All the bleedings took place in tlie morning, and whenever 
a buck was bled, its litter mate sister was bled, either immediate^ before or im- 
mediately after, the interval between tlie witlidrawal of blood from tlie buck and 
its sister in no case exceeding 10 minutes. 

A7ialysis of MaicriaL — Mean blood cell values were calculated for each animal 
by averaging all tlie counts on the particular animal. From these mean values 
the mean and standard error of the mean were determined for eacli blood con- 
stituent for the 41 males and the 41 females. Since the purpose of these obsen^- 
tions was to compare the blood cytology of litter mates of different sexes, the 
difference between the values for each pair of animals was determined for each 
of the fourteen blood constituents under consideration. The mean difference 

(Mf) was obtained for each blood factor by the formula — and the standard error 

11 

of tlie mean difference from the formula 


d representing die difference between die numerical observadons on any pair of 
animals. This method of deriving die standard error of the difference eliminates 
the variadon due to breed; that breed exerts a considerable influence on the blood 
c\"tology has already been shovm (2). A mean difference was considered sig- 
nificant when it was at least 2J dmes its standard error (/ = 2.5 or 2.5 +); that is, 
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the probability of such a difference occurring by chance is 1 or less than 1 in 100 
(P = 0.01 or 0.01 “). Simple zero order correlations (rn), and first order partial 
correlations eliminating age vrere then calculated b}" the usual statistical 

procedures. For determining the significance of these correlation coefficients, 
the formula 


/ = 


Vl -r"- 




was used. Published tables (3) are available for translating various levels 
of i into terms of probability. WTien the probability of a correlation coeffi- 
cient occurring by chance was 1 or less than 1 in 100 (P — 0.01 or 0.01 — ), the 
correlation was taken to be significant; when the probability of chance influence 
was between 1 and 5 in 100 (P = 0.01 4- to 0.05), the result was interpreted as 
probably significant. A last calculation involved the determination of regression 
equations. In each case the equation represents the regression of the male on the 
female value. 


RESULTS 

The mean blood cell level of each of the 82 animals imder considera- 
tion is shown in Table L The mean values for the male and female 
groups, together with the mean difference for each factor, are presented 
in Table 11. Table III gives the zero order and first order correlations 
between the blood cell values of the litter mate pairs, and Table TV 
presents regression equations for each cell element- The correlation 
coefficients of Table III are presented graphically in Text-fig. 1. 

It is seen from Table IE that with the exception of the red cell 
count and hemoglobin content, no significant differences were observed 
between the two groups. The red cell coimt for males was higher 
than that for females by a mean difference of 300,000 dz 83,600. This 
difference is significant since it is 3.6 times its standard error. The 
hemoglobin value for the male group was higher than that observed 
in the female group by a mean difference of 5.0 zb 0.97 per cent, which 
is 5.2 times its standard error, a significant value. 

The simple zero order correlations between the blood cells of the 
bucks and their sisters (Table m, Text-fig. 1) show a significant 
positive relationship with respect to the following cells: Red blood 
cell count, white blood cell count, hemoglobin content, neutrophils 
and Ijnnphocytes in absolute and relative numbers, and basophils and 
monocytes in per cent. No significant correlations were observ’ed 
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between the platelet values, the absolute number of basophils and 
monocytes, and the absolute and relative number of eosinophils. 
With only one exception the significance of these correlations was not 
altered when first order partial correlations were calculated holding 
age constant. Eliminating the factor of age reduced the correlation 

TABLE m 


Zero and First Order Coeficicnis of Correlation letiveen Blood Cdl Vahies of 41 Male 
and Female Litter Mate Rabbits 



Zero order co^dent of condalion 

First order coeffident of correbtion — 

Age constant 

rjj 


t 

P 

mm 


i 

P 

R 

-f 0.635 


5.13 

0.01- 

+0.684 

0.085 

5.78 

1 0.01- 

W 

4-0.560 

0.109 

4.28 
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R = total red cell count; W = total white cell count; P = platelet count; H = 
hemoglobin content; N = absolute neutrophil count; B = absolute basophil count; 
E = absolute eosinophil count; L = absolute Ivmphocj^e count; :M = absolute 
monoc\'te count; N 9b “ relative neutrophil count; B 9b ~ relative basophil 
count; E % = relative eosinophil count; L % = relative l>Tnphoc>^e count; M % 
= relative monoc>’te count. 


coefficient for neutrophils per cubic millimeter from a probably signifi- 
cant value to one of no statistical significance. 

DISCtJSSIOK 

The experiments were planned with the purpose of eliminating so 
far as possible those variables which could be controlled. Thus the 
buck ami doe comprising a pair were weaned at the same time and 
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Text-Fig. 1. Coefficients of correlation between the blood cell values of male 
and female rabbits. The upper figure gives the simple zero order coefficients and 
the lower figure, partial coefficients with age eliminated. The horizontal lines 
show the levels of significance {P = 0.01) and probable significance (P = 0.05). 

R = total red cell count; W = total white cell count; P = platelet count; H = 
hemoglobin content; N = absolute neutrophil count; B = absolute basophil count; 
E = absolute cosinophD count; L = absolute h'mphocj'te count; — absolute 
monoc\-te count; N % - relative neutrophil count; B % = relative basophil 
count; E % = relative eosinophil count; L % = relative l>'mphoc>'te count; 
M « relative monoc^’te count. 
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The question arises whether these correlations measure the effect 
of environmental or hereditary factors, or a combination of both. The 
experiments were not planned to elucidate this problem, and it shall, 
therefore, not be discussed in detail here. Attention, however, should 
be directed to the fact that a series of studies in this laboratory on the 
blood cytology of the male rabbit have been directed to this end (2). 
Employing the method of analysis of variance, significant differences 
between breeds were foimd for the following cell constituents: red 
blood cell, total white cell, and platelet counts, hemoglobin in per cent, 
basophils, eosinophils, and lymphocytes in both absolute and relative 
numbers, and neutrophils in per cent. It was concluded that these 
differences in the blood formula of normal rabbits were largely mher- 
ited. By the method of linear correlations employed in the present 
analysis, the following seven of these eleven blood factors gave signifi- 
cant correlations between the sexes: red and white cell coimts, hemo- 
globin in per cent, lymphocytes in both absolute and relative numbers, 
and neutrophils and basophils in per cent. By the analysis of variance 
utihzed in the former study, three blood factors, namely monocytes 
in absolute and relative numbers and neutrophils in absolute numbers, 
failed to show significant differences between breeds. In the present 
investigation two of these three factors, neutrophils and monocytes in 
absolute munbers, were not significantly correlated, hloreover, the 
most striking variations between breeds lay in the values for the red 
blood cell count, hemoglobin, lymphocytes, and basophils. In the 
present study, three of these four factors, red blood cell count, hemo- 
globin, and lymphocytes, gave the highest correlations obtained. 
The failure to obtain complete correspondence between the two 
methods of analy’sis, by variance employed in the previous study, 
and by linear correlations employed in the present investigation, was 
probably due to differences in breed and especially to the smaller 
statistical sample represented by the male and female groups. The 
exrdence, however, is sufficiently striking to conclude that the correla- 
tions obtained were largely measures of hereditar 3 ’' rather than enxr- 
ronmental factors, and that the female rabbit as well as the male may 
be utilized in studying the mechanism of such inheritance. 

It is of interest to note that the blood constituents which gave the 
highest correlations, namely red and total white blood cell counts, 
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A ^TRUS-INDTJCED MAISIMALIAN GROWTH WITH THE 
CHARACTERS OF A TUMOR (THE SHOPE RABBIT 
PAPBLLOMA)* 

I. The Growth on Implantation within Favorable Hosts 

By PEYTON ROUS, M.D., akd J. W. BEARD, M.D. 

{From the Laloralories of The Rockefeller Insiiliite for Medical Research) 
Plates 36 to 40 

(Received for publication, August 9, 1934) 

Efforts to demonstrate the presence of causative agents in the 
recognized mammalian tumors have to the present been unsuccessful. 
The work to be reported here was undertaken, not as a renewed at- 
tempt in this direction, but to determine whether a growth known to 
be caused by a virus and of endemic occurrence, namely the Shope 
rabbit papilloma (1), possesses the immediate characters and the 
potentialities of a tumor. 

The growth, as found on the skin of wild rabbits, has the appearance of a papil- 
loma and is devoid of inclusion bodies such as indicate the presence of a \drus (2). 
During its early extension it invades downward until it meets obstruction; and, 
though ceasing to enlarge after a time, it seldom retrogresses. It is readily pro- 
duced in domestic rabbits by inoculation of the \drus; yet from the growths in such 
animals this virus cannot ordinarily be recovered in active form. As Shope has 
pointed out, an extraneous cause can no more be demonstrated under such condi- 
tions than in the mammalian tumors thus far tested or, for that matter, in chiclien 
tumors of filterable origin when they are growing slowly. These traits of the 
growth, in special, have commended it as material for investigation. 

Our experimental comparison of the papilloma with the recognized 
neoplasms will be di\dded into three parts for reasons of expediency', 
with frequent references in one part to the material of another, and 
consecutive numbering of the figures. The appearance and beha\'ior 

* Reported in abstract before the Association of American Phvsicians, ivlav 
1, 1934. 
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containing fluid cannot readily be eflected. Consequently tattooing has been done 
vrhen multiple tests upon a single animal were desired. 

Material fixed in acid-Zenker and colored with methylene blue and eosin, or with 
Giemsa’s stain, has been used in the histological studies. 

General Character of the Growths on the Skin 

The histology of the growths on the skin has been described by 
Hurst (2). Little need be said of it at this point. 

The virus causes a lively proliferation of the epithelial cells by mitosis in the 
basal layer and the reie Malpighii, with abnormal maturation and keratinization. 
The growing epithelium at first extends sideways under the neighboring epidermis 
and downwards through the connective tissue until it meets the fibrous corium, 
thereafter protruding in papillae that often become greatly elongated. The prolifer- 
ating cells are far larger than normal, appear darker with methyleneblue, have much 
larger nuclei, and the granules characterizing the granular layer tend to be espec i a l ly 
abundant, large, and intensely staining. The cells flatten much less than normall3’ 
during difierentiation, and they fail to desquamate after keratinizing. Further- 
more the papillae dry at their summits after a time because their blood suppl}^ is 
interfered with by lateral pressure. In consequence of these processes the growth 
soon becomes capped with a thick, firm layer of desiccated material, which may 
build up to a height of several centimeters, forming a cutaneous horn. Sometimes 
its living portion is pigmented, not infrequently almost coal black in the gross. 
The color is due to brown or black, fine or coarse granules of pigment situated in 
the epithelial cells and also in chromatophores scattered amongst them and in the 
immediately underljdng connective tissue. Apart from the presence of these 
granules, the pigmented growths look like the others. The conditions determining 
pigmentation will be the subject of a future paper. The normal epithelium of the 
skin of cottontails and of domestic gra3"'brown rabbits such as we used contains 
brown pigment granules. 

The morpholog3* of the papilloma produced b3' rubbing the virus into scarified 
skin differs somewhat in wild and domestic rabbits. In the former it appears as 
pink or gra3' papules which darken as they enlarge, and the growth soon consists 
of a broad, elastic mass of nearly black, big and little, more or less fused cones with 
plump bases Qihe onion sets) resting on a thin la3'er of connective tissue. The mass 
is on the average li to 1 cm. high, showing far less tendenc3' to build up than in 
domestic rabbits. In the latter the growth is relativel3' exuberant and fiesh3', and 
ma3' be pink or soot\% low or projecting, dr3' or succulent. When \drus has at- 
tacked the epithelium at man3' neighboring points in a scarified area, with resiilt in 
multiple papillomas, these soon coalesce into a mass; whereas if the initial change 
has been confined to one spot, as on intradcrmal inoculation, a single, sharplv' cir- 
cumscribed papilloma develops. According as this broadens rapidly or slowly, or 
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duct from one subinaxillar>^ gland had been tied some weeks previously with a view 
to rendering the gland epithelium more susceptible. The gastric mucosa and 
that of the intestines were repeatedly needled while injecting the virus, to bring 
it into direct contact with them. In two wild rabbits the lungs and trachea were 
inoculated by thrusting the injecting needle into them here and there through the 
cleansed skin of the etherized animal. WTien they were sacrificed, after 66 and 
67 days, no lesions were found an>"where save on the skin where the needle had 
been thrust through. Here in one instance the papilloma had developed. Shope 
found the virus ineffective when injected subcutaneously or into the peritoneal 
cavity; while when introduced into the blood stream it produced lesions only in the 
skin, at points of injuiy. 

The agent responsible for Chicken Timor I causes tumors most 
readily in young birds, the embryonic mesoderm being highly sus- 
ceptible to it (3) . Because of this fact we have explored the possibility 
that the papilloma virus might act upon embryonic epithelia of vari- 
ous sorts. 

Three experiments were done, with material from rabbit embr>’os 10 to 26 days 
old from domestic does. The lungs, kidnej’s, livers, intestines and stomachs, 
brains, placentas, and skin were removed separately, finely hashed, and placed in 
suspension in T>Tode solution. A hash of the skinned embrj-o was also used in one 
case. Half of each suspension was mixed with an equal amount of freshly prepared 
5 per cent papilloma virus in TjTode solution, while the other half, appropriately 
diluted with T>Tode, served as control. The mixtures were allowed to stand 30 
minutes at room temperature in two experiments, 2 hours in another, with frequent 
agitation, and were then implanted subcutaneously along the sides of twelve 
domestic rabbits of the same breed, 0.2 cc, at each site, the virus-containing sus- 
pension on one side, the control suspension on the other. When necessar>' to 
obtain sufiident material, organs of the same kind from several embryos were 
pooled. 

The bits of placenta, kidney, liver, and brain did not long survive in the new 
hosts, but those of skin, stomach and intestines, lungs, and whole embr>'o pro- 
liferated, forming little nodules, and these were found to contain much living 
epithelial tissue of the characteristic sorts when the animals were killed after 1 to 
3 weeks- The v-irus had had no discernible efiects on this tissue, which resembled 
microscopically that in the control nodules on the other side of the host. In one 
instance two spherical lumps about 0.8 cm. in diameter developed just beneath the 
surface along the track of the needle used to inject embrj’o skin mixed with \'irus, 
but several centimeters away from the little nodule developing from the latter, — 
which itself showed no virus changes. They consisted of proliferating papilloma- 
tous tissue such as results from subcutaneous implantation of the papilloma, as de- 
scribed further on. They probably arose from epidermal cells of the host, pushed 
beneath the surface by the needle and at the same time inoculated vsith virus. 
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black, or patched vrith gray or black (Figs. 2 and 3), resistant to the 
knife, close-textured, and necrotic everywhere except in their outer- 
most layer and along some inward extensions from it. Many had an 
evident connective tissue capsule while others had none, at least in 
certain regions. The papillomatous structure was faithfully recorded 
in the necrotic tissue, which was tough and rather dry; but the papillae 
did not project outwards like those on the skin. Instead they ex- 
tended toward the center of the growth, with their base at its periphery 
(Figs. 8, 12). This arrangement had resxilted, not from a buckling 
inwards of the proliferating epithelial layer, — for the dead interior of 
the mass was notably dense, — ^but from a direct penetration of the 
surroimding tissue by blunt epithelial processes which advanced in a 
more or less orderly fashion so dose together that only a thin layer of 
tissue lay between adjacent ones. The proliferating basal epithelium 
formed the outermost layer of the growth, the dead, keratinized ceUs 
accumulating in its interior. The pattern was stiU papillomatous 
but now with papillae turned in. The septae were derived from 
the growth’s surroundings, both by inclusion between the epithelial 
processes and by secondary changes in the included tissue, such that it 
became loose-textured, and its vessels wide, numerous, and thin- 
walled. The proliferating activity of the epithelial cells greatly 
e.xceeded in general their ability to thrust their columns into the sur- 
rounding structures, and in consequence most of the mass was necrotic. 
The papillae within it, nourished only by the vessels of their narrow 
cores, died en masse as their blood supply was cut off by the pressure of 
their own proliferation, though occasionally li\nng ones persisted 
almost to the center. 

Growths in the Suhctiianeous Tissue . — ^The numerous implantations 
into the loose tissue of axilla and groin have jdelded nodules that some- 
times reached a diameter of 5 or 6 cm. and interfered with locomotion. 

The growths were roughly spherical (Fig. 1) or like several coalesced spheres, 
elastic and well encapsulated, with occasional blunt protuberances. On section 
they showed a'rind of translucent, grajTsh pink, living tissue about a dense, creamy 
to black, papilliform or concentrically striated, necrotic (Fig. 2). Very occa- 
sionally, as in other interior situations, irregular clefts e-risted between the papillae, 
containing a colorless, v,-ater\- fluid (Fig. 10). There was a more or less well defined 
capsule of young connective tissue cells, with sometimes a few round cells but no 
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readily, leaving a smooth or velvet\*, living layer with small papilliform projections 
here and there. Such growths resembled those resulting from implantation in the 
relatively unfavorable subcutaneous situation. 

Urcer Growths— Isodvios regularly developed at the implantation 
sites in the liver, and sometimes nearby, — doubtless from small frag- 
ments accidentally introduced into blood vessels with the injection 
fluid, as win in due course appear. 

The growths were spherical or irregular, often coalescing, and creamy to sooty 
in hue (Figs. 1 and 3). They usually protruded above the liver surface, and often 
reached a diameter of several centimeters (Fig. 36). On section they stood out 
from the parench>ma, and were firm, dose-textured, necrotic save at the peripher>', 
and relatively bloodless. The sooty regions were sharply marked from the adja- 
cent creamy tissue by their hue (Fig, 3) but not in other ways. Microscopically the 
characteristic, introverted papilliform arrangement was found, with a rind of 
actively proliferating epithelium and an occasional living papilla far in the interior. 
The sooty regions showed pigmented epithelial cells and chromatophores. As in 
the case of growths in the subcutaneous tissue and musde, round cells and poly- 
moTphonudear leukoc>’tes were notable by their absence; but there was ordinarily 
an irregular encapsulation with new-formed connective tissue, which was thin in 
some places and in others wholly lacking. WTiere it lacked there was no cellular 
reaction and the interlobular blood sinuses alone separated the liver cords from the 
proliferating epithelium (Figs. 8 and 11). The arrangement of the latter was 
orderly as a rule, growth being largely expansive, though taking place also from 
processes pushed here and there into the parench>Tna. Not infrequently, espe- 
cially in wild rabbits, narrow, disorderly tongues of epithelium extended out and 
directly replaced the liver cords (Fig. 11). 

Spl^tic Growths , — ^These were like the ones in the liver. They 
grew both by expansion and by direct invasion and replacement of 
the splenic pulp. 

In Fig. 12 two of the in\'ading tongues of epithelium have differentiated into 
pearls. Mitoses were often e,xceedingly numerous (Fig. 9), as in the liver. There 
was ordinarily little or no encapsulation (Fig. 12) or other reactive change, and 
while sometimes the surrounding parenchjTna had been compacted by the growing 
mass in most instances it had not. Often the short, thick spleen of wild rabbits 
was almost wholly replaced by the growth, only its ends remaining as tails attached 
to a spherical nodule 2 cm. or more in diameter (Fig. 1). In one case a thin skim 
of ruddy parenchyma partly covering a spherical growth 3 cm. in diameter was all 
that remained of the spleen. In the elongated, firm organ of domestic rabbits 
replacement was far less complete. 
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introduced with pieces of it. However this may be the fact is certam 
that the intramuscular injection of pieces of papilloma from the skin 
seldom resulted in any evident infection, although iimumerable bac- 
teria must have been introduced with the material. The resulting 
growths enlarged by expansion, by the thrusting forth of orderly 
processes, and to a minor degree by irregular invasion. Occasionally, 
however, acute inflamm atory changes took place about the implanted 
bits, with accumulation of pus cells and necrosis of the papillomatous 
tissue. Bacteria were present as stains showed. In other cases a 
chronic, more or less widespread, interstitial cellulitis developed, with 
edema. The papiUoma growing amidst tissue affected in the latter 
way showed an active malignancy, sending out long, thin, disorderly 
tongues of proliferating epithelial cells which thrust between and 
around the individual musde fibres, destroying them by pressure or 
contact (Figs. 19 and 20), and in some cases penetrating within the 
sarcolemma and directly replacing their substance (Fig. 21). 

The rabbit of the instance figured had received implants into the Hver, kidney, 
and spleen at the same time with those into the muscles. It died on the 23rd 
day after implantation, of subacute peritonitis and pleuritis. The growths in the 
viscera were actively invasive. Such slight cellular reaction as occurred about 
them did not suggest an associated infection. This has been a general finding with 
visceral implants of material which, in the musde, gave rise to cellulitis. 

Recurrence and Operative Dissemination of the Growth 

On numerous occasions intramuscular growths have been removed 
from the leg for transplantation or study; and the attempt has been 
made to take them out completely, though with the least possible 
c.xcision of the normal structiues. They have nearly always recurred, 
not only in the musde but sometimes in the subcutaneous tissue that 
was cut through; and their subsequent grorvth has generally been more 
rapid and e.xtensive than that of the control mass in the other leg. 

The laparotomy for implantation in the abdominal organs was 
usually made well to one side of the abdominal “pancake” of papil- 
lomatous tissue furnishing the material, but in some instances was 
tangential to it. Under the latter drcumstances skin growths pre- 
viously stationary' extended for some millimeters along the newly 
healed indsion, but not elsewhere. No independent papillomas, such 
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irritant such as diatomaceous earth Yrhich aggregates here and there 
on the peritoneum and induces locally a connective tissue reaction 
favorable to the tumor cells, — as has been proved in a study of the 
reasons for the localization of metastases at points of injury (4). The 
findings just described show that the papilloma can implant itself on 
the peritoneal lining without such aid; but nevertheless bits of it, from 
the abdominal ^^pancakes” of domestic rabbits, were placed in sus- 
pension with diatomaceous earth and injected into the peritoneal 
cavit}’' of the hosts. In some cases, though not in aU, implantation 
growths resulted; and these had the characteristic morphology, and most 
of them had arisen where the diatomaceous earth elicited a reactive 
proliferation of the connective tissue. 

Iinplaniatio7i by Way of the Blood Streaiii 

Can bits of the papilloma give rise to the growth when distributed 
on the blood stream? Tests of this possibility were made. 

Four domestic rabbits were used. The material for injection into two of them 
was obtained by slicing off and finely mincing in TjTode parts of their own early 
skin papillomas, filtering the suspension afterwards through gauze to remove large 
fragments. In the case of the other two, muscle growths resulting from implanta- 
tion were excised under ether and the rind of living tissue was treated in the same 
way. !Muscle growths were used because it seemed possible that the bacteria 
present on skin material utilized directly might cause death of the inoculated frag- 
ments. From 2 to 4 cc. of thin suspension was injected into an ear vein of each 
rabbit; and from 2 1 to 10 cc. into the central artery, in the direction of the heart, — 
after the vessel had been distended by heat and the large marginal veins had been 
temporarily closed with rubber-covered clamps to prevent a short-circuiting of 
the material into the venous blood. The arterial injections were done rapidly 
under high pressure, with a \dew to obtaining distribution by way of the aorta. 

One of the rabbits was killed 13 daj's after injection. Its lungs contained nu- 
merous scattered, creamy, spherical nodules, from i to 2 mm. in diameter. None 
was found in the other organs. The pulmonarj' nodules had the characteristic 
morphology of the growth, some consisting of a rind of more or less orderly epi- 
thelium enclosing concentric layers of necrotic squamous tissue, while others were 
made up of livdng tissue almost throughout, and had the papillomatous form (Fig. 
13), At the pcripher\* of the latter the epithelium had pushed into the indiridual 
alveoli in disorderly aggregates, filling and destroring them (Fig. 14). There was 
some compression of the surrounding lung tissue, and the neighboring small bron- 
chioles were more or less flattened; but not the least encapsulation of the growths 
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the circulation, and none have appeared in the other organs, though the 
material must have been distributed to them on the arterial blood. 
Even in the most favorable situation the growth’s invasive power 
fails to equal its ability to proliferate. 

Usually some new formation of connective tissue takes place about 
the papillomas developing from implants, its amount varying inversely 
with the rate of growth. lATien this is rapid, as in certain viscera, 
there may be no visible ceUidar reaction about the advancing epi- 
thelium (Figs. 11, 12, 13, 17). This holds true of not a few skin 
growths as well, at the period of their early, downward extension (Paper 
TTT ). It is plain that the papiUoma does not inevitably call forth re- 
active changes on the part of the surroimding tissues; but how far 
those ordinarily associated with it are due to bacterial infection is still 
uncertain. The scarring frequent beneath old skin papillomas is cer- 
tainly due to this cause, and so too are the focal accumlautions of poly- 
morphonuclear leukocytes. They are missing from about implanta- 
tion nodules save when bacteria are present. FewljTnphocytes are to be 
seen save when retrogression is taking place (Paper n). All in aU the 
facts suggest that the papilloma as such elicits some connective tissue 
proliferation over and above that incident to the formation of a 
stroma, its amoimt depending on both the local conditions and the 
time available, — the epithelimn sometimes advancing so fast as to 
outstrip any formation of it. The behavior of the growth as con- 
ditioned by the reactive tissue round about wiU be considered in 
Paper EE. 

The Invasion of Vessels 

The cores of the papillomatous projections from the skin contain 
many wide, thin-walled vessels, and often the proliferating epi- 
thelium is separated from the blood by only a layer of endothelium. 
Direct invasion of the vessels takes place frequently, and may occur 
even when the growth is progressing verv' slowlj-. 

The Ijinphatics beneath the cinden-, almost stationan' papilloma of Figs. 28 
and 30 were in\-aded at several points; but the cells that had entered were differen- 
tiating and dying. In Fig. 16, taken from a growth in the abdominal wall, the 
epithelium withm the h-mphatic is also in poor condition, though the growth from 
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In this rabbit the papilloma grew especially vreU. Some large 
nodules vrere found at autopsy, scattered on the peritoneal surface, 
and there were several in the scar of the old laparotomy wovmd. The 
situation of the limg nodules in a single lobe, their large size, and the 
absence of any early, small ones suggest that they origmated from 
cells accidentally introduced into the blood stream during the in- 
jection of the liver with suspended papilloma particles. The growth 
in the lymph gland may have been a metastasis, or may have arisen 
from cells introduced into the lymphatic stream when the a xill ary 
implantation was made or during biopsy of one of the stimulated, 
fleshy growths situated beneath the surface of the side. 

In another domestic rabbit, dying 115 dzys after implantation into the liver 
and other organs, a single pulmonary nodule 7 mm, broad was fmmd. The pres- 
ence of large growths on the peritoneum and in the old wound indicated that this 
animal, like the one just discussed, had been favorable to accidental dissemination 
of the papilloma (Fig. 36). 

WTiatever the method whereby- the growths developed in lyonph 
gland and lungs, whether by an operative scattering or by true me- 
tastasis, there would seem to be no doubt that they arose from cells 
transported on the lymph and blood streams.- 

The Recovery of Virus from Implattlatioji Growths 

No difficulty has been experienced in the recovery of virus from 
implantation growths in the muscle and \dscera of wild rabbits. Both 
fresh and glycerinated tissue (50 per cent glycerin) have been em- 
ploy-ed, with grinding and extraction in Tyrode as usual, and inocula- 
tion into the scarified skin. Two e-xperiments of the sort, with posi- 
tive outcome, are described in Paper m, in connection with the work 
on transplantation. A third, similar experiment, but with material 
from a domestic rabbit, yielded negative results, as was to have been 

- In the pulmonaiy* alveoli of cottontail rabbits with pigmented tumors in the 
liver, aggregates have been found of cuboidal cells ha\'ing much the same general 
appearance as those of the hepatic growths, and like them containing brown or 
black pigment. But though such aggregates are alwaj-s ver>' small, no signs of an 
origin from cell emboli have been noted; the cells rarely show mitoses; and thev 
sometimes desquamate and become foamy elements lilie UcnfcUcrullcn. Further- 
more they can be found in the lungs of wild rabbits that are not carrying the 
papilloma. 
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distribution to tbe peritoneal surface has been repeatedly noted. 
There may be no cellular reaction whatever about the invading 
epithelium of interior growths, but usually some new formation of 
connective tissue takes place, its amount varying inversely with the 
rate of epithelial proliferation. An immediate reason exists for the 
inflammatory changes and scarring found beneath long-established 
skin papillomas, in the trauma and secondary infection to which the 
projecting, necrotizing masses have been subjected. In animals 
dying of progressively enlarging interior growths the skin papilloma 
may long have been stationary in size. 

The growths appearing after the transfer of papillomatous tissue to 
the inner organs are due to the survival and mifltiplication of 
transplanted cells. However, the rfrus can be readily recovered from 
them, in the case of wild rabbits. No distinctive changes in the blood 
of the host have been found. The virus itself is highly specific for 
the epithelium of the skin, failing to act not only upon that of the 
other organs thus far tested but even upon embryonic skin. 

The papilloma frequently penetrates into the blood and lymph 
vessels, especially at the edge of implantation growths. The intra- 
vasciflar injection of fragments of it sometimes results in piflmonary 
nodules of characteristic morphology. These are due to survival and 
proliferation of the injected cells. Secondary nodrfles have been 
encountered at autopsy in a lymph gland and in the limgs, but under 
conditions more suggestive of operative dissemination of the growth 
than of true metastasis. 

Implantation growths of the papiUoma in favorable hosts have the 
morphology of epidermoid tumors of greater or less malignancy. They 
behave as these do and elicit similar changes in the surrounding tissue. 

The attributes and potentialities of the papilloma will be further 
considered in Papers IT and TIT , 
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killed because moribund witb “snuffles’' 26 da>^ after implantation with its own 
growth into some of the abdominal viscera. The grafts had grown rapidly. (See 
Fig. 15.) X68. 

Fig. 9. Part of a growth in the spleen of the wild rabbit of Figs. 1 and 7 (W^R. 
20), showing an unusual number of mitoses, many of which are abnormal. X 550. 

Fig. 10. Unusual t>’pe of growth in a domestic rabbit (D.R. 1-22 — see legend of 
Fig. 6 for historjO . Many but not all of the implantation growths (Fig. 1 7) showed 
this structure. The section came hrom a large subcutaneous mass in the axilla, 
containing numerous papillomatous processes in good condition, separated by 
rifts containing fluid, a rare finding. X 82. 

Plate 38 

Fig. 11. Specimen from wild rabbit No, 18 (of Figs. 3, 4, and 5), to show the 
direct replacement of liver cords b}^ an invading melanotic growth. There is no 
histological evidence of pressure by the enlarging mass. The melanin can be 
seen to one side of the nucleus of the differentiating cells. X 220. 

Fig. 12. Lower magnification of the edge of the growth furnishing Fig. 9. The 
advancing epithelial tissue is wholly unencapsulated and actively invasive. Num- 
erous mitoses are visible. X 130. 

Fig. 13. Lung nodule from a domestic rabbit (D.R. 1-64) killed 13 days after 
the intravenous injection of bits of its own skin papilloma. The alveolar tissue 
about the enlarging growth has been stretched and pressed together, gi\dng the 
appearance of encapsulation. X 42, 

Fig. 14. Invading margin of another lung growth from the same animal, to show 
the absence of encapsulation or other reaction about the invading, differentiating 
epithelium. Pressure has compacted the walls of the alveoli next the growth 
into a spurious capsule. X 312. 


Plate 39 

Fig. 15. Edge of an accidental implant on the parietal peritoneum of a domestic 
rabbit (D.R. 1-23), — to show direct invasion of a blood vessel by the cells of the 
growth. A platelet dot at one side of the vessel covers the cells completely but 
elsewhere it is patent. Serial sections demonstrated that the invading cells were 
at the tip of a slender epithelial process extending from the parent growth, a small 
portion of whidi, induding a mitotic figure, is present at the upper, right hand 
comer of the picture. X 500. 

Fig. 16. Invasion of a l\*mphatic by an implantation growth in the leg of a 
domestic rabbit (D.R. 1-22— for history- see text, page 716). The epithelial 
cells are much degenerated. X 250. 

Fig. 17. Part of a secondaiy nodule developing in an axillan' hmipb node of 
the same rabbit. The epithelium repladng the h*mphatic tissue has keratinized 
along one side of some of the advandng processes. The groT^Th is uncncaj>- 
sulalcd. X 75. 
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Plate 40 

Fig, 18. Multicentric growth in the leg muscle of a wild rabbit (T\^R. 20 — see 
Fig. 1 for history). X 12. 

Figs. 19, 20, and 21. Direct invasion and replacement of leg muscle by an 
implantation growtli in a domestic rabbit (D.R. 1-20): section taken from the 
border of the growth. There is a cellulitis (Figs. 19 and 20) due to bacteria in- 
troduced with the implant. The animal died of general peritonitis 23 daj's after 
implantation in the muscles, liver, and kidney. Rapid enlargement of the grafts 
in the muscles had taken place, and so too with most of those in the viscera. 

In Fig. 20 the epithelium is growing between and around tire individual muscle 
fibres. In Fig. 21 it is directly replacing a fibre by proliferation within it. The 
sections all came from the periphery of a nodule that had e.xtended far beyond 
the original site of inoculation. X 75, X 95, and X 270 respectively. 
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A TOUS-INDUCED MA^IMALIAN GROWTH WITH THE 
CHARACTERS OF A TUISIOR (THE SHOPE 
RABBIT PAPILLOI^IA) 


H. Experhiektal Alterations of the Growth on the Skin: 

Morphological Considerations: the Phenoiiena 
OF Retrogression 

By J. W. beard, M.D., act PEYTON ROUS, M.D. 

{From the Laloratories of The Rockefeller Institute for Medical Research) 

Plates 41 to 44 

(Received for publication, August 9, 1934) 

The effects on the papilloma of transfer from the skin to the interior 
of the host have been described in Paper I. The influence of some 
chemical and physical agencies upon cutaneous growths will now be 
considered. 

Siwiiihtion •ioith Scharlach R 

The papilloma when implanted within the host grows progressively, 
invading and replacing normal tissues and kiUing the animal. Yet on 
the skin, its natural habitat, it invariably ceases to extend after a 
time, though its cells continue to proliferate, heaping up its mass. An 
obser\'ation recorded in Paper I suggests that this secondary limita- 
tion of grovlh is not due to the loss of an essential power on the part 
of the cells but to local conditions. WTiere incisions had been made 
tangential to established, stationar}’ papillomas the latter grew into 
and for some little distance along the newly healed wounds, though else- 
where their borders remained unchanged. We have made numerous 
attempts to obtain aggressive skin growths by experimental means. 

The subepidermal injection of a saturated solution of Scharlach R 
or of Sudan III in olive oil causes the epithelium of the rabbit's ear 
to burrow dovmwards and exhibit for a brief period the histological 
appearance and invasive tendenev^ of carcinomatous tissue (1). 
Y cmer found tlie growth of a transplantable mouse carcinoma to be 
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the coloration indicating the presence of Scharlach R had long since 
disappeared from the tissue. One may suppose that the epithelium 
took the way of least resistance from its confinement beneath the 
homy mass. This supposition seems the more reasonable because 
experiments that will now be described have shown that when a skin 
papilloma is prevented from extending outwards it will burrow into 
the tissue under it. 

The Conseqiiences of Prevenlmg Outward Growth of the Skin Papilloma 

To determine the effect of altering the mechanical conditions of 
growth a number of papillomas were covered with collodion. 

It proved essential to apply the collodion when the first papule or papules 
appeared after virus inoculation, for if it was done later they either pushed out 
between the layer and the skin, like a flat, many petalled chrysanthemum, or, when 
they tended to broaden at the base, they imdermined the adjacent normal epi- 
thelium, killing it by cutting off its blood supply, with result in a broad ulcer with 
thick, fleshy edges. If, however the collodion was put on when the first punctate 
roughening of the epidermis was noticeable after intradermal inj’ection of the \’irus, 
and if the layer was flexible and was not soon loosened by desquamation and growth 
of the hair, as too often happened, the epithelium affected by the virus, instead of 
projecting in elongated papillae, continued its primarj' extension into the connec- 
tive tissue, and formed in the course of some weeks a thick, discoid mass between 
the fibrous layer of corium and the epidermis (Fig. 22, C). Often several cen- 
timeters in diameter, it continued to enlarge after the collodion had been stripped 
away. The epidermis over the center of such masses became tense and after a 
time broke down, but elsewhere it was only stretched and thinned. Like the im- 
plantation growths described in Paper I, they consisted of a rind of translucent, 
grayish pink tissue, about a dense, tough, dry, creamy to sooty, necrotic material 
which separated more or less readily into papilliform processes when cut across. 
Under the microscope the rind was found to consist of proliferating epithelium and 
reactive connective tissue, in papillomatous arrangement, with processes ever>'- 
where pointing toward the growth’s center (Fig. 24). Here pressure necrosis had 
occurred. A more or less well defined capsuJe was present, consisting of newlv 
proliferated connective tissue with, as a rule, almost no Kmphocj'tes and no 
pol>Tnorphonuclear cells. Into this new tissue the epithelium had pushed forth 
in more or less orderly, close-ranked processes, incorporating some of it as cores 
of the papillae in process of formation. Thus the growth enlarged by progressive 
invasion of its surroundings as well as by expansion. 

The papillomas prevented by collodion from e.vtending outsvards 
proved not only capable of enlarging beneath the epidermis but 
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striated, tough and somevrhat elastic, vrith bulging, fleshy bases. As these broad- 
ened the was forced into folds to make room for them all (Fig. 29). They 
consisted, as sections showed, of ver\’ numerous, thin papillae, some of vrhich were 
alive far up into the brown horns (Fig. 31). The living tissue of the low growth 
was almost entirely restricted to a basal layer with but poorly developed, infre- 
quent and blunt, papillomatous processes (Fig. 30). Yet this growth, thou^ 
apparently stationar>" at the time when both rabbits were killed, 111 da}’s after 
inoculation, had at several points invaded the l>nnphatics beneath it. 

There was no histological e\ddence that bacterial infection was responsible for 
the diflerences noted. The animal with the low, dry papilloma had somewhat the 
thinner skin and had not increased quite so rapidly in weight as the other. 

The animals of this experiment seemed to be in much the same 
bodily state and their skins differed little in the gross. The pro- 
noimced contrast in the character of the papillomas may well have 
been due to differences in reactivity of the host tissues. If the epi- 
thelium stimulated by the virus is to assume the papillomatous form, 
the skin must provide for it a supporting fabric of connective tissue 
with the necessary vessels, — ^in short a stroma. The behavior and 
morphology of the growth cannot but depend largely on the extent to 
which this stroma is forthcoming. A like dependence exists in the 
case of many txunors. 

Morphological Cofisideratiofts 

The influences which determine the differing forms that the papil- 
loma assumes on the skin and in the interior of the animal can be 
discussed conveniently at this point. 

Irrespective of where the growth is situated the division of its rpllg goes on most 
actively in the deeper layers of epithelium, lessening and ceasing in proportion as 
the maturation into keratinized elements takes place. The growth rate mav be 
considered in terms of a cone with its apex corresponding to the level in the epi- 
thelium where proliferation wholly ceases. The differentiating, keratinizing crih 
beyond this apex do not desquamate but remain firmly attached, a peculiaritv 
largely responsible for the height of skin papillomas. The result for fragments of 
the growth that have been placed in the inner organs is that the proliferating 
layer of epithelial cells, extending laterally as result of its multiplication, yet 
tethered by the keratinized mass, spreads around the latter, the base of the hv*po- 
thetical cone broadening until it has formed a sphere. Doubtless this endr^g 
and enclosing would take place in uninvasive gronlhs even if the keratinized cells 
did tend to come loose. Its consequence is that rounded nodules develop from 
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loma of Fig. 30, for example, had penetrated at several points into 
the lymphatics. 

The epithelial cells increase rapidly by mitosis in favorable hosts, 
and those which are dividing attract attention by reason of their great 
size and pallor, a pronounced stippling of the cytoplasm with granules 
that stain deeply with methylene blue, and a sharply defined chroma- 
tin arrangement. In very rapidly enlarging, malignant growths the 
division figures may be highly irregular, asymmetric, and hj'perchro- 
matic (Fig. 9), and many of the cells die before division is completed 
or shortly afterwards. 

A frequent complication in the pattern and development of interior 
growths comes about through a sweUing of the necrotic material that 
they contain. The importance of this factor increases directly with 
the amount of included, dead material. 

Large growths are always tense on palpation though usuall 3 ' elastic, and where 
unsupported by the surrounding tissue they often bulge abruptly (Fig. 5) and may 
even rupture (lung growths, mesenteric nodules), with result in a form like a bud 
(Fig. 32). The broken epithelial layer may grow around the extruded squamous 
material secondarily, or when in a favorable situation, as in the lungs, it may extend 
edgewaj’S into the normal tissue (Fig. 14), proliferating so rapidl}’ as to keep 
ahead of differentiation, and hence of the infiuence of attached, keratinized cells 
to cause rounding up. Under these circumstances it appears highly malignanL 
Ordinarily the pressure exerted by the necrotic, central material does not suffice 
to rupture the nodule, but acts to flatten and thin its peripheral laj'er of Hving epi- 
thelium, especially where this finds no support- Such a state of affairs is well seen 
where kidney or liver growths project from the organs (Fig. 4), the living epi- 
thelium here being often reduced to a la>'er one or two cells thick, flattened, and 
with no hint of the papilliform arrangement that is present near by, where it is 
backed b\’ parench^-ma. The changes consequent on gradually increasing pressure 
of the necrotic material are often dearly discernible in the markings of the latter. 
Its central portion may show the papniiform structure ever^-where on cross-section, 
e\ndendng the character of the early growth, while further out the dead, keratinized 
layers have a concentric arrangement, especially where there has been little mechan- 
ical resistance to the expansion of the mass, as where it protrudes into the abdomi- 
nal ca\'it\\ Here in extreme cases the epithelium becomes entirelv necrotic be- 
cause its blood supply has been cut off. WTiere it has merely been thinned and 
flattened as result of the interior pressure mitoses are rare and there is an orderly* 
difTercnliation to the keratinized state (Fig. 33). 

^Valch has been kept for variations in the nnderljdng type of the 
papilloma. A single example only has been found thus far. In a 
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individuals -witli thick, succulent skin and may enlarge rapidly dur- 
ing the first vreek; but it regularly ceases to encroach later, remaining 
to ail appearance stationary in most instances. Occasionally it imder- 
goes retrogression. The mass dries everywhere, its base becomes 
thinner, and a gradual flaking away exposes healthy skin; or else the 
area of proliferating tissue beneath the mass dwindles gradually, with 
result in a tassel-like, pedunculated growth. The weight of this 
may act to elongate its pedicle (Fig. 34). 

Retrogression occurs occasionally of one of several growths arising 
as result of implantations within a wild rabbit; but the process, in 
our experience at least, is restricted to nodules in unfavorable situa- 
tions. This is the case as well in some domestic rabbits; but in others 
with papillomas caused by the same virus fluid the enlargement of all 
of the interior growths slackens after the first months and they assume 
the globular form (Figs. 36 and 37), becoming well encapsrflated (Fig. 
38) and notably firm. Complete necrosis of individual nodifles some- 
times occurs, especially of those in the subcutaneous tissue, kidney, 
stomach, and such as are precariously nourished from the mesenteiy 
or peritoneal lining through a pedicle (Fig. 36, P) ; but in no case thus 
far studied has the growth failed to progress elsewhere (Fig. 37) and 
kill the animal. It is reasonable to expect that instances of general 
retrogression wiU be encountered when the skin papilloma utilized for 
implantation has not been doing well. Thus far we have implanted 
only material from robust growths. 

The Histology of Retrogression . — ^The retrogressive changes are best 
studied in sections from interior nodules, since here the complicating 
effects of trauma, drying, and infection can be excluded. 

The influence of the pressure exerted by the necrotic material within 
large growths to cause localized retrogression at their periphery has 
already been mentioned. It should be discriminated from retro- 
gression proper, and this can usually be done. ^Mention has also 
been made of cell death following upon abnormal mitosis. Xecrosis 
may abruptly overtake indivndual groups of the epithelial cells of 
invasive, highly malignant growths, either because their own rapid 
proliferation has deprived them of nourishment or because they are 
not suited to sur\'ive. But none of these happenings constitutes 
retrogression in the proper sense. This takes two forms. The epi- 
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Surface growths in hosts developing resistance show few papillae, 
and these are usually short and necrotic nearly to their bases. The 
wide spaces between them contain dead, keratinized tissue save for a 
smooth, underlying layer of epithelium. In appearance this epithe- 
lium has reverted more or less to the normal, and its connection with 
the hair follicles and sebaceous glands is now once again evident, as 
was not the case when it was in active papillomatous proliferation. 
The underlying connective tissue is dense and contains some mak- 
rophages and scattered accumulations of lymphocytes. TVTiere 
pedimculation of the growths is accentuated by their weight (Fig. 34) 
the infrequent papillae may remain alive even though much attenu- 
ated (Fig. 35). Their appearance and the general conditions suggest 
that they and their noiuishing cores have been pulled out by gravitj’". 

The Behavior of Growths on the Skin 

In the skin of even the most favorable rabbits the extension of the 
papilloma ceases after a time. Though it enlarges rapidly at first, — 
many scattered papules sometimes broadening and coalescing to form 
one mass, or a single papule developing into a cutaneous horn or warty- 
growth several centimeters across, — its extension at the expense of its 
surroundings slows after some weeks and stops, though its cells con- 
tinue to proliferate actively, the mass often becoming so redimdant 
as to be thro-wn into thick folds and to lop over at the sides. Beneath 
it there is now a layer of dense connective tissue. Some of the epi- 
thelial processes which penetrate here and there into the latter are 
cut off by it from the smface and round out into pearls, often several 
millimeters in diameter, -with a firm, yellowish white, spherical center 
of dead, concentric, squamous layers which shell out readily from a 
smooth, enclosing rind of li\mg epithelium. Other processes not only 
maintain themselves but proliferate and burrow in irregular tongues 
amidst the dense connective tissue. Though the growth has ceased 
to enlarge, its appearance now suggests a developing malignancy’. It 
is always heavily contaminated with bacteria from the skin and one 
may suppose that, as in the case of infected muscle implants, these 
bacteria sometimes, by influencing the epithelial cells or by the 
changes they bring about in the connective tissue underhung the 
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lomatous tissue are distributed by the arterial blood, as in the experi- 
ments of Paper I, they give rise to growths in the lungs only; and when 
brought to the lungs by the venous blood they cause few nodules in 
comparison with the number of fragments introduced. The tattooing 
of individual papules that have just appeared on the skin after intra- 
dermal virus inoculation, as in some tests not mentioned heretofore, 
does not result in subepidermal growths from cells dislodged and 
driven tmder the surface, but instead the papilloma is wholly de- 
stroyed. Though the actively proliferating epithelium frequently 
enters the blood and lymph vessels, metastasis formation does not or- 
dinarily ensue. 

It is instructive to compare the findings with those on record for 
tumors. Many of the skin epitheliomata of man and of tarred rab- 
bits and mice remain stationary and benign in appearance tmless 
liberated by operation, or stimulated by infection, by renewed tarring, 
or in other ways. So too with some spontaneous chicken tumors. 
Many human carcinomata fail to cause metastases although cells 
from them are distributed in abundance by the blood and lymph (5). 
Not a few mouse tumors fail entirely to yield growths on intravascu- 
lar and intraperitoneal injection of pieces of them, — in which respect 
the papiUoma is relatively successful. There is a large literature on 
the restraining effects of the connective tissue associated with station- 
ary and retrogressing epidermal tumors. Authorities hold it to be 
largetyresponsibleforthebehaviorof thegrowths (6). Several instances 
are on record in which, according as the tissue barrier changed from 
time to time, becoming denser or thinner, the histological appearance 
of the tumor altered toward the benign or the malignant respec- 
tively (7). 

In the phenomena of its retrogression the papilloma gives no hint 
of a \arus cause. The gross and microscopic changes resemble those 
occurring in the case of epidermoid tumors. As with these, retro- 
gression may be general or may take place at some situations while 
growth continues at others. In both instances induddual cells or 
groups of cells may suddenly necrose as result of their own abnormal- 
ity. Generally though when retrogressing the epithelium of the 
papilloma, like that of epidermoid carcinomas, ceases to proliferate 
and comes to its death as result of a process of orderly differentiation 
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the forms they assume; but the epithelial changes induced by the Yvnis 
take a single direction, and no significant variations from type have 
been encountered. 

Local or generalized retrogression of the experimentally induced 
papilloma is not uncommon. The histological alterations that take 
place are identical with those attending retrogression of the epidermoid 
tumors, and the reactive changes taking place in the surrounding 
tissue are also like those about such tumors. The slowing and cessa- 
tion of growth that occur secondarily in the case of \drus-mduced 
skin papillomas are associated with the formation under them of a 
dense layer of connective tissue, and to this their beha\dor is attrib- 
utable. Similar findings have been often recorded for tumors, notably 
for the epidermoid cancers produced in rabbits by tarring. 
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VIRUS-INDUCED MAADVLVLIAN GROWTH. H 


EXPLANATION OF PLATES 
Plate 41 

Fig. 22, The papilloma as influenced by ph3^sical and clicmical factors. The 
virus was tattooed into the skin at four spots, each about 2 mm. across, on the side 
of a domestic rabbit (D.R. 1-22), and 22 da3"s later when papules were just per- 
ceptible at sites A and B the first of several injections of Scharlach R around and 
beneath them was carried out. The growth did not appear at sites C and B until 
the 28th da3\ The papules at site C were covered with collodion on tlie 43rd day 
and tliose at D were left as control. On the 84th da3' the collodion was stripped 
awa3’', with some petechial hemorrhage into the tense skin, as the photograph taken 
24 hours later shows. The growtlis at A and B were for a long time almost com- 
pletety subepidermal, ulcerating shortl3" before the picture was taken. The3’’ have 
coalesced. The discoid, subepidermal growth at C shows a crater containing dry 
tissue, the result of pressure necrosis. The control papilloma at D is mucli smaller 
than the others, wholly^ superficial, and witli a somewhat constricted base. X 

Fig. 23 . To show the influence of Sudan III and Scharlach R. The growth was 
produced by a punctate inoculation of virus fluid into the ear of a domestic rabbit, 
and when a solitar3^ papule had appeared, 33 da3"S later, die tissue under and 
around it was injected with Sudan III in olive oil. Several similar injections of 
Scharlach R were made afterwards. There resulted a fleslw mass, largely sub- 
epidermal but ulcerating at its summit. The section, taken through its margin, 
shows irregular downgrowths of papillomatous epithelium widi pearl formation. 
There are lacunae underneath, where the olive oil dissolved out. The epidermis 
covering the outer side of the mass shows some e.\tension downwards and enlarge- 
ment of the hair follicles, a cliaracteristic effect of the d3'es on normal skin. X 7* 

Fig. 24. Cross-section of a part of the growth under collodion shown in Fig. 22, 
C, — ^from a biops3'' specimen removed on the 85th da3\ The growth lies in tlie 
corium. The living papilliform processes have dieir base at its periphery and 
extend into its necrotic interior. X 7, 

Plate 42 

Fig. 25. Cutaneous horn developing from a solitary papule induced b3’' punctate 
inoculation of the skin of tlie ear of an adult domestic ralibit (D.R, 9). Scharlach 
R in olive oil had been repeatedb^ injected beneath and around the papule soon 
after it appeared. The other papillomas on tlie ear can be disregarded, as pertain- 
ing to other experiments. The great conical horn was dry, brown, and vertically 
striated. Picture taken 96 da3’’s after inoculation and 63 da3^s after the appearance 
of tlie growth. X 

Fig. 26. A picture taken on the same da 3 ’' to show the extension to the under 
side of tlie ear. X 3^. 

Fig. 27. Cross-section of the growtli, made 7 da3’s later when the ear was ampu- 
tated. Most of the pale, papillomatous tissue is dead but still moist. Direct 
e.xtension to tlie under side of the ear has taken place through a small natural open- 
ing in the cartilage, occupied in part by a vein and arter3% Natural size. 
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Figs. 28 and 29. Differing character of the growths in two domestic, gray- 
brown litter mates. The skin of the abdomen was scarified and inoculated with 
virus fluid when they were 8 days old. The photographs were taken 97 daj'S later, 
at which time both rabbits werein excellent condition and of nearly the same weight. 
The hair had been removed from about the confluent mass of Fig. 28 so that its low, 
dry, cinder>^ character could be seen. The many separate cutaneous horns of the 
other (Fig, 29) were so large and crowded that a stretching and folding outwards 
of the had occurred to make room for them. The reductions are different: 
Fig. 28, X Fig. 29, X 

Figs. 30 and 31. Cross-sections of two terete papillomas removed from the 
agglomerates of Figs. 28 and 29 respectively on the 70th day after inoculation. 
The differences in the lesions are described in the text. The tip of the growth of 
Fig. 31 was cut away to facilitate sectioning. X 7. 

Plate 43 

Fig. 32. Periphery of an omental growth found in a wild rabbit (W.R. 18) killed 
49 days after implantations into the abdominal viscera. The swelling of the 
necrotic material inside the nodule has caused it to rupture and “bud.” The epi- 
thelium is flattened as result of pressure, and has reverted far toward the normal in 
appearance. Many of the other implants had grown actively (see Figs. 3, 4, and 
5) and invaded their surroundings. X 125. 

Fig. 33. Local retrogression, induced in part at least by pressure, at the pe- 
riphery of a nodule in the liver of a wild rabbit. The animal was killed 48 da 3 ’'s 
after implantation because the broad papilloma on the skin was growing smaller. 
The nodules that had developed in the muscles proved completely necrotic, but 
those in the abdominal viscera showed in general only localized regions of retro- 
gression, with proliferation elsewhere in them. This was true of the growth fur- 
nishing the figure. In the part shown there is a pronounced flattening of the 
epithelium with reversion toward the normal. X 620. 

Fig. 34. Ear of a domestic rabbit (D.R. 1-24), photographed 153 daj’s after the 
virus had been tattooed into a number of spots across the tip, middle, and base. 
5 days prior to inoculation some of the spots had been infiltrated with Scharlach R 
in olive oil (see Fig. 49). The growths became large and heavy, and their bases 
underwent a secondar>' constriction such that some of them came awa^'. Onlv 
those at the middle and tip of the ear now remain, all notabh’ pedunculated. The 
growths A , R, and C formed at one time a single mass, and A and B are still united 
by dead tissue though they have separate pedicles. Natural size. 

Fig. 35. Portion of the base of papilloma C of Fig. 34, — to show the infrequent, 
attenuated, papilliform processes, and the exceptional!}' benign appearance of the 
growth. X 11. 

Fig. 36. Implantation growths in the abdominal organs of a domestic rabbit 
(p.R. 1-21) dying of them 133 da\*s after skin inoculation and 115 days after 
implantation. There are large, coalescing masses in the liver, a projecting nodule 
(5^ in the wall of the stomach, and others (P) on the omentum and mesenterj', 
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In Papers I and II the behavior and appearance of the papilloma 
under various circumstances have been described. • They are those 
characterizing the tumors. Yet the cause of the growth is a filterable 
virus. Are there no distinguishing signs of its presence? This ques- 
tion will now be taken up. 

Coiicerning Iiichision Bodies 

The morphology of the growing or retrogressing papilloma does not 
suggest the presence of a virus. But in one important respect it has 
been insufficiently dealt with, — the possible presence within the 
affected epithelial cells of inclusion bodies such as occur in certain virus 
diseases lias not been considered. 

Hurst (1) could find no inclusions but we have renewed the search and have 
compared the cytological findings with those in some epidermoid carcinomas of 
man and tar cancers of mice. The sections of human tumors we owe to the kindness 
of several pathologists. A large \'ariet>' of mouse tumors were a\’aflable, deriving 
from prerious work in this laboTator>\ The immediate point to be determined 
^vas not whether ‘'bodies” can be discovered in the c^^oplasm or nucleus of the 
papilloma cells but whether any exist that are not present in the recognized 
neoplasms as well. The sections of the p)apillomas and tar tumors were stained 
with methylene blue and eosin, or writh Giemsa; those of the human epitheliomas 
in several wa\'s.^ 

^ The interpretation of the presence of inclusion bodies in tumors of late 
become complicated with the recognidon that these may not only harbor \druses 
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The literature on strange bodies in tumor cells is a teeming one, most of it dating 
back thirty 3’^ears or more ( 2 ) to the time when some investigators thought that 
they could perceive an intracellular cancer parasite. It need not be reviewed. 
De^Ionbreun and Goodpasture have recently summarized the findings on inclusion 
bodies in the warts and papillomas caused by viruses ( 3 ). It is remarkable for the 
diversity of the forms described, amphoteric, acidophilic or basophific, c^^toplasmic 
or intranuclear, sometimes occurring in certain regions only, or supposedl}'* at special 
stages in the development of the growths. There has been no consistency in the 
findings. 

In addition to the large eosinophilic inclusions, described by Hurst, which are 
the remains of dead cells, a variety of cytoplasmic bodies can be seen in some of the 
papillomas studied by us; but they are wholl}*' lacking in others. The}’* occur 
especially where the cells are differentiating into the granular layer, and mthin 
this layer, which is unusually rich in the granules that give it its name. 

Sometimes the bodies take the form of p3'’knotic, crescentic masses such as 
Kyrle has described in warts, psoriasis, and other skin conditions ( 4 ). These lie 
just outside one or both ends of the nucleus, as if extruded therefrom. Again the3’- 
appear as eventy staining bodies, dark with metludene blue, filling the nucleus 
where keratinization is in progress, “like an egg witliin its shell’’ (Lipschiitz ( 5 )). 
Others are moderately refractile, rounded or oval, alkaline or amphoteric, and are 
first noted in the c3^toplasm of cells immediatel3’' beneath the granular la3’’er, 
reaching their greatest size in tlie latter (Fig. 40 ) and fading and disappearing at 
the same time as the nucleus, when the cells become keratinized and die. All 
these various bodies are encountered in surface growths, being seldom seen in 
interior ones or in those that are retrogressing and orderty. They are most pro- 
nounced where the cells are unhealth3J' as result of infection or maceration, being 
found especiall3'' in the deep crypts between papillae, where the differentiating 
epithelium has undergone a localized swelling with h3’’dropic enlargement of the 
nucleus. None of them resembles the distinctive virus inclusions, and all appear to 
have originated from ordinary cell constituents, — to be the outcome of excessive 
granulation and granular fusion, of nuclear p3^knosis, or of localized C3^topIasmic 
keratoh3^alinization. Similar bodies have been present in some of the epidermoid 
cancers of man and the mouse that we have examined, notabty where there was a 
heavil3'' granulated la3^er of differentiating neoplastic cells at the skin surface or 
just beneath it. Often the3^ were present in the thickened, neighboring epidermis 
as well. 

DeMonbreun and Goodpasture have described groups of large, clear epithelial 
cells in the tissue of a transmissible dog papilloma caused b3’’ a virus, which failed to 
differentiate with the rest of the layer in which they were situated ( 6 ), These they 


(Levaditi and Nicolau ( 8 ), Rivers and Pearce ( 9 )), but that the latter may cause 
within the tumor cells the inclusions characteristic of them ( 10 ). 
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regard as characteristic of the disease, reporting their presence in human warts also, 
where Lipschiitz found cells having much the same appearance (7), No such ele- 
ments are present in the Shope papilloma, but hydropic changes are frequent in 
unhealthy growths, as also in epidermoid tumors. 

In sum we have failed to discover in the papilloma inclusion bodies 
such as indicate the presence of a virus, though various peculiar in- 
tracellular elements are to be found like those in the cells of the epi- 
dermoid tumors of man and the mouse. Certain characters to be 
noted in the papilloma when growing on the skin, namely great pro- 
liferative energy yet slight capacity for aggression, a thick layered and 
folded epithelium vrith an accentuated granular stage of differentia- 
tion, together suggest a virus cause, for the reason that they are pres- 
ent together in some of the warts, condylomas, and papiUomas known 
to be due to such cause. Individually these characters are not dis- 
tinctive, however, and their association is far less evident and fre- 
quently missing when the papilloma is growing inside the body. 

The Reaclim ahoiil Begmning PapiJlomas 

The study of precancerous conditions and of beginning cancers has 
shown that pronounced changes in the connective tissue usually pre- 
cede and nearly always accompany the first appearance of the growth 
(11); and the suggestion has frequently been made that to them the 
latter is really due. It seemed conceivable that the first changes pro- 
duced by the papilloma virus in and about the epithelium might differ 
in significant ways from those occurring m and about epidermoid 
tumors. 

Virus was rubbed into broad scarified areas on the sides of a group of domestic 
rabbits, and each day thereafter, until the papillomatous roughening showed itself, 
a narrow strip of skin was removed from the etherized animal Charts were 
kept of thdr location as a check upon whether they came from the midst of skin in 
which the growth subsequently developed. The sections were stained with 
eosin and methylene blue. 

The scarification was found to have caused defim'te breaks through the epithelial 
layer, as a rule almost midway between the openings of the hair follicles. Within 
the next few days the layer reunited beneath a light scab of dried serum containing 
some red cells. This soon flaked off exposing a skin surface that in the gross 
appeared smooth and normally pale. But within 7 to 12 days after the inoculation 
a patchy reddening took place, and the strips removed at this time showed the 



746 


r? 


. Siopa noted tl.at the • ® 

-- 1 snf-tf -- - 

^ afrclelbot ® °“ (“-^ acj was injected at ^ 

» -»a instances, 5 cc „? 5' 't'" ®c“d 

PPeanns because the effects of tr^i Paaamns at a time Sf*'”!,"® ‘*‘™"«i°Ot 

Tie MotvtW e,n '’“ "■- 

sr~s:id^S^C^::s£^£Zi;z‘ 

infection by continuity S fT** resulted?' around 

^ papillomatous tissue w^ ^^generating cells tbn ? ^ of the 

upon the denuded sT[Z T ‘ie new eon??"®'’ ‘'‘ “ 'ewplaces where 

--mte,n„™a,epide;-rhirrsS^^^^ 

StbUce '^"'nrgement of the 

■■" - &:u“! 

Paers jt incapable in 



PEYTON ROUS AND J. W. BEARD 


747 


most instances of causing the growth anew. This explanation will 
not cover the results of the tests now to be described. 

A circular disc of sldn about 4 otl across was cut from each side of the abdomen 
of three etherized, domestic rabbits, and the raw surface was dressed with parafin 
which was replac^ at intervals. After 12 days, when the raw surfaces were just 
covered with new, thin epithelium, the whole surface and the adjacent normal skin 
were flooded with \Trus fluid, and through it two strips about 2 mm. wide were 
tattooed at right angles to each other, from normal skin to normal skin through the 
middle of the healing area, the result being a cross of skin punctures, each arm 
of the cross from 2 J to 3 cm. long. The fluid was now blotted o5 and a dressing 
put on as before. When the discs were excised India ink had been tattooed 
into the skin at four equidistant points about 0.5 cm. outside them; and 
the dark spots now lay just bej^ond the ends of each cross, serving to show its situa- 
tion. After 2 weeks the papilloma began to appear, and it soon assumed the exact 
shape of the cross, being restricted at first to the tattooed strips. It increased 
somewhat more rapidly in height in the newly covered areas, as would follow from 
the more abundant vascularization, but did not appear sooner or broaden more 
rapidly there. 

In this test the papilloma appeared only where virus had been directly 
introduced into the old and new epidermis. No spread occurred in the 
new-formed epithelium to indicate that it was especially susceptible. 

In the large number of wildland domestic rabbits thus far 
observed by us, some of them carrying the papilloma at many situa- 
tions, no secondary growths have appeared under circumstances 
indicative of spontaneous infection with \drus from an existing focus. 
Enlargement never occurred by saltation, by an appearance of sepa- 
rate small papillomata near the growing edge. 

The surface growths of wild and domestic rabbits have been indsed on many 
occasions, and on others implantation nodules have been removed from the 
muscles. The experiments sometimes involved large skin incisions. During the 
implantations (Paper I) no pains were taken to prevent the suspension of tissue 
fragments from coming in contact with the traumatized epidermis. That it 
must often have done so was indicated hy the frequent development of implanta- 
tion nodules in the healed wound. Yet only once did a growth appear on 
the epidermis, and then as a solitarj- small papilloma after laparotomy, occurring 
under circumstances which made implantation probable (Paper I). 

Numerous attempts were made to induce malignancy in both wild and domestic 
rabbits by repeatedly infiltrating the base of the papilloma and the surrounding 
tissue with Scharlach R (Paper II). The dye injections were b(^n when the 
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it is impossible 3 S a rule to say where one leaves off and the other 
begins (Fig. 41). So too where the growth is surrounded by an epi- 
dermis that is thickened and proliferating as result of the influence 
of Scharlach R (Fig. 23). No foci of papillomatous change can 
be perceived in the tissue thus altered. Occasionally when estab- 
lished papillomas are pigmented, or their cells are especially 
crowded, a fairly sharp histological distinction does enst between 
the virus-affected epithelium and the normal layer continuous with 
it (Fig. 47). In other, more frequent, instances the connection with 
the surrounding epidermis is accidentally tom through or macerated, 
and the enlarging growth is isolated by a cleft (Fig. 48). In yet other 
cases the papilloma \mdermines the epithelium next it, with result in a 
necrosis that destroys the continuity of the two, and henceforth it 
proliferates independently. 

AH these various relations are found at the edges of the epitheliomata 
of mice and men. The histological evidence for a conversion of nor- 
mal to papillomatous epithelitun at the edge of the papiUoma is neither 
less nor greater than in the case of these neoplasms. Such conversion 
was greatly debated amongst the older students of cancer. Ribbert, 
the mam advocate of the view which now prevails, that tumors once 
well started grow only by their own intrinsic proliferation , — arts sick 
Jteratis , — ^himself produced evidence that epidermoid cancers may 
begin at several neighboring centers (13), a fact now generally con- 
ceded, as result more especially of the study of tar tumors. He 
pictured epitheliomata that were directly connected with the epi- 
dermis, grading into it by a gradual transition; others in which, though 
the epithelial layers of the two were continuous, pronounced histologi- 
cal differences distinguished them; and yet others in which a secondary 
break had occurred to separate them.* In no feature does the papU- 
loma more closely resemble the classical epitheliomata than in these 

* That a connection between two widely differing sorts of epithelium ma y come 
about secondarily has been shown by experiments in which cell groups of the 
Flexner-Jobling adenocarcinoma of the rat united with regenerating epidermis 
(Rous, Peyton, J. Exp. Med., 1913, 17, 494). In the course of the present work we 
have observed instances in which the papfllomatous epithelium of implantation 
growths became directly connected with the epithelium of the kidney pel\'is (Fig. 
49), with that of the mammar>- duct, and with the peritoneal lining. 
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relations to the neighboring epitlielium. To all appearance once the 
growth has been started it enlarges by its own proliferation. Our 
experimental observations, recorded a few pages bade, provide reasons 
for the supposition that in general it really does so. 

Attempts at Transplantation to Other Individnals 

The presence in the papillomatous tissue of a causative virus almost 
uniformly infective for rabbits lends special significance to the fate of 
this tissue on transplantation. Bits of it placed in the inner organs 
of the host grow with such regularity that one might suppose trans- 
plantation to other individuals would be readily accomplished. 

Experiment L — In order to free the papillomatous tissue, so far as possible, from 
contaminating bacteria, a preliminar}'' subcutaneous implantation was made in 
the axilla of a wild rabbit (W.R. 10) of bits shaved from a papilloma on the skin 
of the abdomen. There resulted a large growth. It was removed, under 
ether, 65 da 5 ^s after the original inoculation with virus and 24 after implantation; 
the living epithelial rind was cut up; and part was suspended in T 3 Tode solution 
and injected into the extensor muscles of the upper forelegs of the donor, three 
other wild rabbits, and three domestic ones. With the remainder 5 per cent virus 
fluid was made in the usual way and centrifuged; and some was witlidrawn from 
the center of the column of fluid and heated at 53°C. for 15 minutes to kill any 
tissue cells present.^ It was then rubbed into a large, freslil}’' scarified area on the 
lower side of W.R. 10 and into areas of similar size on the abdomen of the other 
animals. Sections proved that the tissue utilized had been actively proliferating. 

All of the rabbits except W.R. 10 developed papillomas as result of the skin 
inoculations with virus, this individual showing itself complete!}’’ resistant. The 
growths thus caused retrogressed in one of the udld rabbits ; and in one of tlie domestic 
species they were discrete, though numerous and rapidly growing. The other four 
animals promptly developed confluent * ‘pancakes” of papillomatous tissue. Only 
in W.R. 10, however, did growths result from the tissue implantations in the fore- 
legs. They appeared within 10 days in this individual, and when it was sacrificed, 
79 days after implantation, they measured 3 cm. and 2.5 cm. in diameter respec- 
tively, and had the characteristic make up. The rabbits were kept under obser- 
vation for months. In some of them nodules 2 to 4 mm, in diameter soon appeared 
at the sites of transplantation but after several weeks could no longer be felt. 

The rabbit providing the tissue for transplantation proved insus- 
ceptible to infection with the virus extracted from this tissue, yet 

^ Shope has shown that the virus in 5 per cent suspension is unaffected by heat- 
ing for 30 minutes at 65°C. 
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favorable to implantation with the cells. The other rabbits showed 
themselves susceptible to the virus though the tissue providing it 
failed to grow in them. 

Experivjcnt 2 , — The general procedure was the same as in Experiment 1. The 
material for transplantation came from Domestic Rabbit 1-34 which had large 
implantation growths in all four legs. One was removed piecemeal, by operation 
under ether, and minced and suspended in T>Tode. Part of the suspension was 
filtered through gauze and injected into an ear vein and arter>" of the host. The 
unfiltered remainder was injected into the extensors of the upper forelegs of three 
wild rabbits and three normal domestic ones, into another domestic rabbit recently 
recovered from vaccinia, and into one in which a previously induced skin papilloma 
had retrogressed. No muscle injections were made in D.R. 1-34. To rule out the 
possibility that the needle might carry some epidermal cells before it into the 
deeper tissue, infecting them with virus simultaneously and thus causing growths 
which were not transplants at all, a small slit was made in the skin at each implan- 
tation and its lips were held apart so that the entering needle did not come in 
contact with the epidermis. A 5 per cent extract of some of the papilloma tissue 
was prepared in the usual way, heated at 53®C. for 15 minutes after centrifugation, 
and rubbed into the scarified abdomen of all of the rabbits. 

The donor, D.R. 1-34, died of intercurrent causes 14 daj^s after the intravascular 
inoculation, — which had produced no visible growths. It carried a large, foul 
abdominal “pancake,^' and implantation nodules up to 3 cm. in diameter in all of 
the legs except that furnishing the material for transplantation, which showed small 
recurrences in the subcutaneous tissue of the healed incision. The virus inocula- 
tions failed to cause the papiRonia in any animal, and the transplantations resulted 
merely in transient, small nodules in some of them. One such nodule, taken 
from a domestic rabbit that died of intercurrent illness 7 days after the transplanta- 
tion, contained proliferating and weU vascularized epithelium of the characteristic 
sort (Fig. 42), surrounded by new connective tissue in which were a few l>Tnpho- 
cy tes. At several points epithelial processes were extending out. 

In one of the wild rabbits receiving implants, which died of intercurrent causes 
37 daj"s later, sections showed the transplanted tissue to be siirroimded by an 
accumulation of small round cells so dense as to have the superficial appearance 
of a h-mph node (Fig. 43). The tissue was now necrotic, but the shape of its 
largest fragment showed that it had undergone some early proliferation. The 
hmiphocj’tic reaction was far more pronounced than that about dead autoimplants 
in domestic rabbits (Fig. 44). 

The papillomatous tissue utilized in this experiment had been ac- 
tively invading the musde, as sections showed. That it was capable 
of sunriving on transplantation to another individual was proven by 
the findings (Fig. 42) in the domestic rabbit that died early; yet it 
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failed to cause growths in any of the surviving animals except the host, 
in which nodules developed as result of accidental dissemination when 
the transplantation material was procured. The wholly negative re- 
sults of the virus inoculations accord with Shope’s experience that 
neither wild nor domestic rabbits can be infected ordinarily with an 
extract made from the papilloma of a domestic animal. 

Experiment 3, — h wild rabbit (W.R. 18) with a papillomatous ^'pancake^^ and 
rapidly enlarging implantation nodules in the foreleg muscles, right kidney, liver, 
spleen, stomach, and groin, was killed and material taken from the surface growth. 
This was large and high with a dr}^ tough, fibrous, outer portion which was sliced 
off separately, and extracted in the usual way, yielding what ma}'’ be termed 
Virus Fluid I. The base of the growth was similarly treated to procure Virus 
Fluid II, the intermediate part in whidi dead and living epithelium w^ere mixed being 
discarded. Portions of the living rind of the leg nodule that had enlarged most 
rapidly were extracted for Virus Fluid III, and other portions of it were added 
for transplantation purposes to parts of a nodule found on the splenic omentum, 
and one from the parietal peritoneum. The pooled material was minced, sus- 
pended, and injected into the upper forelegs of three normal wild rabbits, three 
in which a previous skin inoculation with virus had failed, and three normal 
domestic animals. The skin was slit just beforehand, as in Experiment 2, The 
virus extracts (5 per cent in each case, unheated) were rubbed into scarified areas 
on the sides and abdomen respectively of three other normal domestic rabbits 
and three wild ones, the site being varied for each extract. 

' The animal furnishing the experimental materials had large, activel}' growing 
nodules at several implantation sites in the viscera, and one of these (from the 
splenic mesenterjO yielded a virus of unusual activity after some weeks glycer- 
inization, as animal tests proved. 

The transplantations resulted in nodules as much as 4 mm. across in some in- 
stances, but all had disappeared within 3 weeks, though the microscope showed 
that vigorously growing material had been implanted. No attempt had been 
made to prevent the suspension fluid from coming in contact with the slit skin 
when the needle w^as withdrawn, and in one of the domestic rabbits a papilloma 
developed in the linear scar. Virus Fluid I gave rise to skin papillomas in two 
of the wild rabbits and one domestic; Fluid II caused them in these same wild 
rabbits and the two other domestic ones; while Fluid III produced the papil- 
loma only in one of these last. Although skin areas about 5 cm. across had been 
scarified and inoculated broadcast, discrete, slow’h" growing, cone-shaped growtlis 
appeared w’hich w’ere obviously the result of scattered, punctate infection. In 
several of the rabbits they retrogressed. 

In this experiment, like the others, the transplantations failed to 
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yield growths. Five of the sk rabbits of the group inoculated only 
with virus developed papillomas in consequence. 

Prior to the efforts at transplantation it had been supposed that the papDlo- 
matous tissue might grow on transfer to rabbits that were resistant to the action 
of the causative virus as such; for animak with flourishing growths frequently 
prove refractory when reinoculated with the virus, — a fact esemplified in W. R. 10 
of Experiment 1. To test the point in Experiment 3 grafts were placed in several 
proven immunes to the virus, but with negative results. It had been further 
assumed that the virus would “take” when grafts could scarcely be expected to do 
so, for example in domestic animals receiving papillomatous tissue from cotton- 
tails; and for this reason transplantations to some rabbits of alien spedes, together 
with virus inoculations, were Lnduded in Experiments 1 and 2. The results 
justified the assumption, the virus producing growths in individuals unfavorable 
to transplantation (Experiment 1). It seemed conceivable that the inoculations 
with virus might affect the outcome of implantations made simultaneously. For 
this reason a separate group of animals was emplo3*ed for the inoculations of 
Experiment 3. 

The total number of rabbits implanted with papillomatous tissue 
deriving from other individuals of the same species was only fourteen, 
nine of these previously normal, three recently refractory to the virus 
as such, one immune to vaccinia, and one in which a previous papilloma 
had retrogressed and disappeared. In the one normal animal that 
died early the implanted material had survived and proliferated 
slightly. No extensive test this; yet since it has shown that the papil- 
lomatous tissue can live for a little while at least in the new host, 
there is a possibility that transplantation into rabbits of a single strain, 
or into a large number picked at random, may yield transplantable 
growths. 

The evidence is convincing that the fate of the papilloma on trans- 
plantation is not determined by the presence of the virus associated 
with the tissue and inducing its proliferation. This virus as such will 
“take” vigorously, causing an exuberant papilloma, on the skin of 
individuals unfavorable to implants of the tissue with which it is 
associated (Experiment 1). This tissue, though failing to grow on 
transplantation to other individuals, will proliferate rapidly when 
grafted in the host, though the latter is now insusceptible to the direct 
action of the contained virus (Experiment 1). It is plain that two 
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sorts of resistance, occurring independently of each other, may be 
manifested by individuals to which pieces of the growth are transferred, 
these being directed against the implanted cells and tlie agent causing 
their proliferation, respectively. Such a state of affairs has already 
been demonstrated for the chicken tumors (14). 

The fate of engrafted tumor cells is known to be determined by the 
laws of compatibility which influence the fate of transplanted tissues 
generally. This is evidently true of engrafted papilloma cells as well. 
Though the proliferative activity of the growth is great, it is possessed 
of but slight capacity for aggression (Paper II), — a fact which prob- 
ably has some subsidiary influence on the outcome of transplantation. 
But many spontaneous mouse tumors that are highly malignant for the 
host and can be readily grafted within its body fail to grow on transfer 
to other individuals picked at random. 

The cellular changes about implants that survive or die respectively 
would seem from the scanty evidence at hand to be identical with 
those about tumor grafts, — which is scarcely surprising since the reac- 
tions about the latter are elicited by them as tissue not as tumor. 

Injimnce of Other Disease Processes, and of the Host’s 
Age and Co7idition 

Certain additional observations and experiments deserve record, 
though unconnected with the immediate purposes of this report. 

Not only does the virus fail to affect embryonic epithelium (Paper 
I) but the skin of new-born rabbits appears to be relatively refractory 
to it. 

Two litters from gray-brown, domestic does were inoculated a few days after 
birth by rubbing virus fluid into the scarified skin of the abdomen, and in some 
instances injecting the skin of the ears. The does were similarly treated and 
some other domestic rabbits as well. All the adults promptly developed vigorous 
growths. In the five young rabbits on the other hand the papilloma appeared 
much later and at relatively few points. 

The rabbit pox (15), a virus disease having many similarities to 
vaccinia, was epidemic in our animal room during part of the period 
of experimentation, and many of the animals bearing the papilloma, 
or in which it was just appearing, showed pocking with the “snuffles” 
and conjunctivitis that accompany the malady in its pronounced form. 
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Some became seriously ill; but in none was any effect manifest on the 
papilloma. To test the influence of vaccinia a group of domestic 
rabbits were injected intradermally at several points on the sides with 
the New York Board of Health strain, as propagated in tissue cul- 
tures by Dr. Rivers, at a time when the papilloma was just appearing 
in them and in an appropriate control group, as result of virus inunc- 
tion into the skin of the abdomen. Large vacdnial lesions developed, 
but the disease had no evident effect upon the development of the 
papilloma. In studying the growth we have of late used many do- 
mestic rabbits recently recovered from experimental vaccinia. The 
findings were regularly the same as in the normal animals employed 
with them. 

Many spontaneous and transplanted tumors of mice and rats are 
adversely affected by ill health or loss of weight of the host, and this is 
the case with Chicken Tumor I as well. The Shope rabbit fibroma, a 
growth caused by a virus, is in our experience remarkably susceptible 
to such influences. The papilloma on the other hand is not notably 
affected either by malnutrition of the host or by intercurrent illness. 
But this is the case, for that matter, with not a few of the recognized 
mammalian tumors. 

Shope could elicit no cross-immunity between the papilloma and his 
rabbit fibroma caused by a virus. A test with the Brown-Pearce 
rabbit tumor seemed desirable, — the more so since the cells of the 
latter growth are of epithelial nature. 

Thirteen adult, domestic, gray-brown rabbits of the same size were procured, 
three of them set aside as controls, and ten inoculated intradermally with 0.2 cc. of 
T>Tode suspension of Brown-Pearce tumor at four sites on the back of the neck, 
as well as with 0.3 cc. intramuscularly in each hind leg. The object was to cause 
tumors which would undergo retrogression because in unfavorable situations. 
Within the succeeding 46 dai-s this was the course of events in four animals, the 
others either developing progressive tumors or failing to show any. !Most of the 
intramuscular growths that retrogressed were large at one time. Now the four 
animals were injected again intramuscularly with Brown-Pearce suspension, this 
time into the muscle of the forelegs, as were the controls, and on the same day 
virus fluid prepared as usual from glycerinated papilioma tissue was rubbed into 
the scarified abdominal sldn of them all. Intradermal titrations of the papil- 
loma \drus were not employed because of the uncertainty of the method and the 
long period elapsing prior to the appearance of growths,— a period during which 
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to distinguish it from the tumors. Unlike the generality of infectious 
•warts, papillomas, and condylomas it does not tend to retrogress and 
disappear, but usually, in experimental instances at least, continues its 
proliferation indefinitely.^ Furthermore the -virus is capable of caus- 
ing -vigorous, progressive gro-wths in animals of an alien genus fdomes- 
tic rabbits). 


Tumor Atlribules of ihe Growth 

Whatever one calls or ho-wever one classes the papilloma it possesses, 
as our experiments have shown, the traits of beha-vior and appearance 
which characterize the tumors. It is an autonomous new gro-wth,. 
purposeless, parasitic, and, on occasion, progressive. Its extension 
on the skin ceases after a time because local conditions become rm- 
favorable to it; but it continues to proliferate there and can be stim- 
ulated to renewed aggression. When implanted -within the host it often 
looks and acts like a highly malignant neoplasm, directly invading 
and destro3Tng the normal tissues, and causing death. On excision 
it recurs unless removed entirely; and during operation its cells may 
■undergo implantation in the tissue of the wound or upon the peritoneal 
surface, with resxdt in secondary nodules. Its o-wn proliferation 
invariably involves it in -widespread necrosis, and it may retrogress at 
some situations while progressing at others. Scharlach R stimulates 
it and bacterial infection sometimes causes it to become pronoxmcedly 
malignant. Its morphology as well as its beha-vdor are influenced 
by the peculiarities of the indi-vddual host. It frequently penetrates 
into the blood and lymph vessels; but though the injection of frag- 
ments of it into the circulation not infrequently results in lung nodules, 
owing to cell survival and proliferation, conclusive instances of metas- 
tasis formation as distinguished from accidental implantation have 
not thus far been encountered. 

*The occasional retrogression in cottontails of the experimentally induced 
growth, and the occurrence of individuals resistant to the -virus and possessing 
neutralizing antiviral bodies in the blood, suggest that under natural condidons 
renogression may sometimes occur, or else that the papilloma may be torn off the 
skin, or gnawed away completely, after the hosts have developed neutralizing 
antibodies for the virus as such. 
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EXPLANATION OF PLATES 
PlATE 45 

Fig. 40. Cells in the granular layer of epithelium at the bottom of a crypt be- 
tween two papillae, — from a papilloma on the skin of a ivild rabbit (W.R. 19) 
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ULTRAFILTRATION OF THE VLRHS OF POLIOMYELITIS 


MAX THEILER, M.R.C.S., and JOHANNES H. BAUER, ALD. 

(From the Laboratories of the International Health Division of the Rockefeller 
Foundation, New York) 

(Received for publication, September 22, 1934) 

That the inciting agent of human poliomyelitis should be classified 
■with the filtrable viruses has been recognized since the pioneer work of 
Landsteiner and Levaditi (1) and Flexner and Le-wis (2), who showed 
that this virus passes through Berkefeld filters. Efforts to determine 
more nearly the size of the virus were made by Amoss (3), who showed 
that it passes easily through a Berkefeld V filter, less easily through an 
N filter, and is diminished in quantity after passage through a W 
filter. More accurate methods for determining the size of virus 
particles have been made available by the important work of Elford, 
who has described a method for preparing collodion membranes of 
graded porosities, and has sho'wn that it is reliable (4). Using his 
methods, we have obtained the additional evidence here presented 
regarding the size of the poliomyelitis virus particle. 

EXPERBEENTAI. 

The graded coUodion membranes used in these experiments were 
prepared according to the method of Elford, 'with certain minor modi- 
fications. The technic of preparing the membranes and the apparatus 
used have been described by Bauer and Hughes (5). 

Six filtration experiments were carried out. In each experiment 
five to eight membranes were used. These varied in porosity from 
30 va}x to 265 mp average pore diameter, and in thickness from 0.12 
mm. to 0.22 mm. The filtration area was approximately 5 sq. cm. 

The strain of poliomyelitis virus used throughout these e.xperiments 
was the M.V., for which we are indebted to Dr. Simon Flexner. This 
strain was chosen on accotmt of its high and constant \'irulence. 

Preparation of Virus Suspensions. — ^Infective spinal cords to be used for the 
preparation of \drus suspension for filtration purposes were removed from monke%'s 
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the well knovm wide range in susceptibility of rhestts monkeys to the 
virus of poliomyelitis. This is accentuated when filtrates are used 
which certainly have a much smaller concentration of virus than is 
present in the suspensions of virus commonly used in work with 
poliom}’'elitis. 

On two occasions the virus was demonstrated in the filtrates of the 
membranes with an average pore diameter of 40 mja, and on one 
occasion in the filtrate of a 35 mfi membrane. No monkeys became 
infected with the filtrates obtained from a membrane of 30 mju average 
pore diameter. The filtration end-point of the virus of poliomyelitis 
in our experiments is consequently 35 m/r. In view of the fact that 
in filtration experiments a considerable amount of protein is adsorbed 
in the membranes, which necessarily reduces the diameter of the 
pore, Elford (8) has estimated that with membranes with an average 
pore diameter greater than 10 m/Lt, a particle must have a diameter not 
greater than from one-third to one-half of that of the pore in order 
to traverse it. Applying this formula to our results, it would seem 
that the particle size of the poliomyelitis virus lies somewhere between 
12 and 17 mp.. 


DISCUSSION 

Our results show that the virus of poliomyelitis is extremely small, 
approximating that of foot-and-mouth disease (8-12 mju, Galloway 
and Elford (6)), and it would seem probable that it is even smaller 
than oxu: results would indicate. In evaluating ultrafiltration experi- 
ments, aU that can legitimately be concluded is that under the condi- 
tions of the experiments the -varus passed through membranes of a 
certain pore size. The observations are of only minor value unless 
the filtrations are carried out under optimmn conditions. Such condi- 
tions were by no means present in our experiments. ^Minute particles 
of fat, which passed through the Seitz filter and through the coarser 
membranes, interfered considerably in the filtration through mem- 
branes of smaller porosities. Furthermore, Galloway and Elford (6) 
have sho-wn that in ultrafiltration experiments the concentration of 
virus is of great importance and that only a high concentration of 
virus in the stock filtrate gives a sharp filtration end-point. Poliomy- 
elitis \drus is present in infective cords in relatively small amounts. 
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In our experiments on three occasions the infectivity of a 1/100 dilu- 
tion of the Seitz filtrate was tested by the intracerebral injection into 
monkeys. Only once was virus demonstrated. Another factor of 
importance which renders the interpretation of the results difficult 
is the wide variation in the susceptibility of the monkeys to minute 
doses of the virus. 


CONCLUSIONS 

From the ultrafiltration analysis the size of the virus of human 
poliomyelitis has been estimated to be somewhere between 12 and 
17 m/i. Technical difficulties encountered and the low concentration 
of the virus make it seem possible that the \nrus is even smaller. 
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In recent years inclusion bodies have been observed vrith increasing 
frequency both in man and in animals. Although in many instances 
these pathological changes have been associated ■with definite ■virus 
diseases, for example poliomyelitis (1, 2), Rift VaUey fever (3), yellow 
fever (4, 5), infectious ectromelia (6), etc., they have also been 
frequently reported as accidental findings. 

The constant association of inclusion bodies ■with weU established 
■viruses such as those of variola, vaccinia, herpes, sheep pox, fowl pox, 
Virus in, the submaxiUary gland ■virus of guinea pigs, etc., has led 
many workers to assume as a working hypothesis that the finding 
of these c5d;oplasmic or intranuclear changes means the presence of a 
filtrable "virus. Thus recently Feyrter (7), McCordock (8), Rich (9), 
and McCordock and Smith (10) have found inclusion bodies in the 
lungs of children dying of postpertussis pneumonia, and have therefore 
suggested that whooping cough may be due to the action of a \'irus, 
or to the combined action of a "virus and the Bordet-Gengou bacillus. 

Cowdry (11) takes exception to this point of \dew. It is, of course, 
entirely possible, as he states, that eventually we shall be able to 
produce inclusion bodies by agents other than filtrable \aruses, but in 
the meantime it seems logical to continue searching for a \*irus when- 
ever these characteristic lesions are found. At the present time our 
knowledge of filtrable "viruses of low pathogenicity is practically nil, 
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and it is especially in tliis type of disease that inclusion bodies may 
prove of aid. The finding of inclusion bodies in various internal organs 
of still-births (12) is difficult to attribute to an infectious agent, but 
it may be that we are dealing with a filtrable virus of low virulence, and 
that infection has taken place in ntero. Wagner (13) states that the 
occurrence of these peculiar structures in still-born and premature 
infants is against their being of protozoan origin, since the human 
placenta is impermeable to parasites of this size. A filtrable virus, on 
the other hand, could pass the placental barrier. WTiether this agent, 
if it is a filtrable virus, is frequently present in the circulation of adults, 
or has a greater tendency to invade tlie blood stream during preg- 
nanc 3 q and thus infect tlie fetus, remains a matter of speculation. 
The fact that these lesions occur in infants in the complete absence of 
symptoms, cannot be held to exclude the possibility of a virus, since 
Virus III and the submaxillary gland virus of guinea pigs were discov- 
ered accidentally in the course of experimental work, and did not pro- 
duce S 3 anptoms. Findlay (14) has recently demonstrated a filtrable 
virus in the parenchymal cells of the liver in a certain strain of 
mice, which is also symptonoless. 

In spite of the fact that inclusion bodies have been observed as 
accidental findings in man and in many species of animals, relatively 
few attempts have been made to determine their significance. Table I 
summarizes the occurrence of inclusion bodies reported in the absence 
of specific S 5 Tnptoms, and the number of instances in which attempts 
at transmission have been made. 

It will be seen that 6 of the 13 workers who have recorded these 
observations attempted to demonstrate the presence of a virus. 3 of 
the 6 attempts proved successful. 

In analyzing the cases of infants previously reported, it is of interest 
that in those instances in which the submaxiUary and parotid glands 
are reported as involved, inclusion bodies are not found in other tissues 
of the body. It is also worthy of note that in still-births and in the 
very 3 ’-oungest infants, the submaxillary and parotid glands are often 
negative, and the kidneys, lungs, and liver most frequently show the 
h}'pertrophied cells containing intranuclear inclusion bodies. This 
suggests that if these changes are due to a filtrable virus and if the 
infection has taken place in ntero, as must be assumed, the virus first 
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of a part of each gland at the time of transfer. Although some of the glands 
showed a slight amount of cellular reaction, most of them were negative. 

No evidence was obtained that the agent Avhich had produced the 
characteristic changes in the submaxillary and parotid glands of this 
infant had been transmitted to rabbits, guinea pigs, or mice by intra- 
cerebral or intraglandular injection. 

Case 2 , — The submaxillar}’’ and parotid glands were stored in glycerine for 
3 days, Feb. 26 to Mar. 1, 1934. A part of each gland was emulsified and the 
supernatant fluid injected directly into the subraaxillary glands of 2 guinea pigs 
and 2 mice. The glands were removed after 2 weeks, and sections prepared. 
Both the mice and the guinea pigs failed to show any characteristic reaction. 

Case 3 , — ^The submaxillary and the parotid glands were stored in glycerine 
for 5 days, May 2 to 7, 1934. A part of each gland was emulsified, and 0.1 cc. 
of the supernatant fluid was injected intracerebrally into 3 young guinea pigs. 
2 of the guinea pigs were on a normal diet and 1 was on the vitamin-deficient diet 
used by Zinsser el aL (24) in their work on typhus. Cultures made from the 
supernatant fluid showed a few colonies of coli. All 3 of the animals remained 
well and were discarded. 

On June 6, 1934, it was found that the sections of the glands from this case 
showed many inclusion bodies (see Fig. 2). The material had, on this date, 
been stored in glycerine for a period of 34 days. The tissue was emulsified in tlie 
usual way, and the supernatant fluid was injected intracerebrally into one young 
{Macacus rhesus) monkey, approximately 2i years of age, and intraglandularly 
into another, older monkey of the same species. Both monkeys remained well. 
The monkey that had been injected intracerebrally was killed on the 7th day. 
The brain was removed for histological examination. The inoculated gland was 
removed from the second monkey on the ISth day, and sections made. 

Microscopic sections of the brain were negative. At the time that the sub- 
maxillary gland of the second monkey was injected, the other gland was removed 
for histological examination. Sections of the uninoculated gland showed very 
occasional small areas of l}unphocytic infiltration. The inoculated gland showed 
a similar reaction which was somewhat more marked. The capsule of the inocu- 
lated gland was infiltrated with lymphocytes at one point. However, the contrast 
between the inoculated and uninoculated glands was not striking, and no inclusion 
bodies were found in either one. 

No evidence was obtained that the salivary glands from this case 
contained a \drus which could be transmitted to monkeys (Macacus 
rhesus). 

Case 4. — ^The submaxillary and parotid glands were stored in glycerine for 18 
days, June 18 to July 6, 1934. Attempts were made to reduce the resistance 
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aged between 6 and 8 weeks have been entirely negative. On the 
other hand, about 50 per cent of the full grown wild rats caught in 
Peiping have shown lesions in the submaxillar)’- glands, but not in the 
kidneys. The pathological changes in the submaxillary gland con- 
sisted of foci of mononuclear cells, and h}’pertropliied acinal or duct 
cells with acidophilic intranuclear inclusion bodies (see Figs. 7 and 8). 
In some of tlie wild rats only the acinal cells seemed to be involved, in 
others mainly the duct cells. The changes in the duct cells are similar 
to the lesions found in man and guinea pigs (see Fig. 9), and those in 
the acinal cells to the lesions found in hamsters and mice. A few 
experiments were undertaken to determine whether these pathological 
changes in the submaxillary glands of wild rats indicated the presence 
of a virus. Since young wild rats were not available, the submaxillary 
glands of wild rats were emulsified in the usual way, and injected 
intracerebraUy and intraglandularly (submaxillary) into young white 
rats. Two of the white rats injected intracerebraUy became sick on 
the 8th day and were killed. Sections prepared from their brains 
showed a slight meningeal exudate consisting of mononuclear cells, a 
few of whicli contained acidophilic intranuclear inclusion bodies. 
The submaxillary glands which had been injected directly were removed 
after 2 weeks and showed a marked reaction consisting of a mono- 
nuclear infiltration with fairly numerous hypertrophied acinal and 
duct cells with acidopliilic intranuclear inclusion bodies. The sub- 
maxillary gland removed before injection was entirely negative. 
These experiments indicate that the submaxillary glands of full grown 
wild Peiping rats sometimes harbor a virus which is transmissible to 
young white rats. 

In the course of this work the submaxillary glands of 3 other animal 
species were examined : 3 normal full grown monkeys {Macacm rhesus), 

3 large squirrels, and 5 rabbits. Scattered foci of mononuclear cells 
were found in all 3 of the monkeys, but no intranuclear inclusion 
bodies. The submaxillary glands of the 3 large squirrels were nega- 
tive, but the submaxillary gland of 1 young squirrel showed an occa- 
sional focus of mononuclear cells, but no inclusion bodies. The 
submaxillary glands of the rabbits were negative, with the exception of 
1 animal which showed a few mononuclear cells in one area. 
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Emulsions of the submaxillary glands of full grown hamsters, white 
mice, and wild rats which showed these lesions, when injected intra- 
cerebrally into a young susceptible animal of the same species, often 
produced symptoms of meningeal irritation and death. Histological 
examination of the brain showed a localized, meningeal exudate con- 
sisting of mononuclear cells, some of which contained acidophilic 
intranuclear inclusion bodies. The lesion produced was analogous to 
that obtained with the submaxillary gland virus of guinea pigs. It 
was not possible to transmit the hamster virus or the mouse virus 
serially by intracerebral injection. It is an interesting fact that 
although intracerebral injections of the inclusion-containing submaxil- 
lary glands of rodents give rise to a fatal meningitis, the potency of the 
virus is decreased rather than increased, and it is only in the submaxil- 
lary gland itself that the virus can persist. 

It was thought that if the hamster virus could be adapted to other 
rodents, it might become more virulent. The injection of the hamster 
virus by various routes, into rabbits, guinea pigs, and white mice, was 
without success. The intracerebral injection of the submaxillary 
gland virus of guinea pigs into hamsters was also negative. 

The localization of the hamster virus and the mouse virus in the 
submaxillary glands follows subcutaneous, intraperitoneal, and intra- 
glandular (submaxillary) injection in the respective species. The 
hamster virus is destroyed at 56°C. for 30 minutes, and is preserved 
in glycerine for at least 6 days. Longer periods of exposure to glycer- 
ine were not tried. The mouse virus is destroyed at 60°C. for 30 
minutes. The thermolability of the rat virus was not determined. 

The occurrence of inclusion bodies in the submaxillary glands of so 
many different species of animals, man, guinea pigs, hamsters, white 
mice, wild rats, is of interest. Although no inclusion bodies were 
found in the submaxillary glands obtained from 3 normal monkeys 
{MacacKS rhesus) examined, areas of l 3 Tnphocytic infiltration were 
present in all of them. In the various rodents studied, the submax- 
illary glands of very young animals were usually not infected, whereas 
in the human species typical lesions have been found in the viscera of 
still-births and infants that lived less than 48 hours. The age of the 
youngest child in whom inclusion bodies have been observed in tlie 
salivary glands is 2 months. The submaxillary gland viruses of 
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rodents are extremely specific, and it has been impossible to transfer 
the hamster \drus to rabbits, guinea pigs, or mice, or the submaxillary 
gland \irus of guinea pigs to hamsters. It is possible that the failure 
to transfer an infectious agent from the submaxUlary glands of infants 
to animals is due to a very limited specificity and it may be necessary 
to inoculate higher apes before a positive result can be obtained. 

The submaxillary gland virus as it occurs in rodents is not very 
\Trulent, and it is only by intracerebral inoculation of large doses that 
it produces any symptoms which we can recognize. Since we have 
found it impossible to demonstrate a virus in human salivary glands, 
no statement can be made at the present time as to whether the inclu- 
sion bodies found in the lungs of children dying of pertussis are due to 
the activation of an endogenous virus or to invasion by a specific virus 
which is the cause of whooping cough. 

CONCLUSIONS 

1. Acidophilic intranuclear inclusion bodies occur in the salivary 
glands of Chinese infants dying from miscellaneous causes. The lesion 
is similar to that previously described in infants in Europe and 
America. 

2. Attempts to prove that this lesion is due to an infectious agent 

by its production in have been imsuccessful. 

3. Acidophilic intranuclear inclusion bodies have been found in the 
submaxillary glands of hamsters, white mice, and wild rats. 

4. Evidence is presented to show that the lesion in hamsters, white 
mice, and wild rats is due to a ^d^us, which is specific for each species, 
being transmissible to normal individuals of this breed, and w^hich is 
very similar to the submaxUlary gland virus of guinea pigs. 
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txophied acinal cell. The nucleus is greatly enlarged and contains a large inclusion 
body surrounded by a clear space. The nuclear chromatin is collected in several 
small masses at the surface of the nuclear membrane. X 1290. 

Fig. 7. Submaxillar^' gland of a wild rat showing a h\’pertrophied acinal cell. 
The nucleus is enlarged and shows an inclusion body surrounded bj' a wide halo. 

Fig. S. Submaxillar}' gland of a wild rat showing two hj'pertrophied duct cells. 
Both cells contain large, irregular inclusion bodies. X 1290. 

Fig. 9, Submaxillar}' gland of a guinea pig showing h}'pertrophied duct cells 
with inclusion bodies, for comparison with Fig. 8. X 1290. 
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